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ABSTRACT

In this paper, we derive the achievable degrees of freedom (DoF) for multiple-input multiple-output (MIMO)
Z-interference channels (Z-IC) with reconfigurable antennas at the receivers, assuming that channel state
information is not available at the transmitters. We propose a new linear scheme to align interfering signals and
to decode desired signals through the designed preset mode switching pattern of reconfigurable antennas at the
receivers. The key idea of our scheme is to use interfering signals as a side information at the interfered
receiver by being silent at the corresponding transmitter during some time slots. Consequently, it is shown that
the reconfigurable antennas at the receivers can bring a DoF gain if the number of preset modes is greater than

the number of RF chains at the receivers.
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I. Introduction

Interference alignment (IA) has attracted much
attention due to its novel approach to
interference-limited networks'". This scheme aligns
interfering signals into small subspaces and leaves
room for the desired signal to occupy enough
independent  signal  subspaces. For  K-user
interference channels (IC), each user achieves 1/2
degrees of freedom (DoF) by the IA approach.
Moreover, IA techniques have been applied to
various communication model such as
downlink/uplink cellular networks™™.  However,
global channel state information at transmitters
(CSIT) is necessary to implement IA scheme to
communication systems. Unfortunately, global CSIT
is hard to achieve or even cannot be achieved in
practical systems. Moreover, if global CSIT is
available, transmitters may obtain imperfect channel
knowledge due to quantization error and feedback
delay.

To alleviate system overhead to implement IA
scheme in practical communication systems, there
has been recent research for a new IA technique that
can be carried out without CSIT, provided that the
receivers are equipped with  reconfigurable
antermas®". Reconfigurable antennas at the receivers
have been considered to provide a diversity gain,
giving a choice to receive the signal on its different
preset modes. They provide additional opportunities
for alignment of interference via preset mode
switching at the receivers. This IA technique is
referred to as blind interference alignment (BIA).
The DoF characterization with reconfigurable
antennas has been studied for various network
scenarios such as broadcast channels[6], interference
channels[m], and cellular networks'?.

The main contribution of this paper is to derive
the achievable sum DoF for the two-user
multiple-input multiple-output (MIMO) Z-interference
channels (Z-IC) with reconfigurable antennas at the
receivers by considering only linear coding strategies
without channel knowledge at transmitters. We
propose a new linear scheme to align interfering

signals and to decode desired signals through the
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switching of reconfigurable antennas at the
receivers. The key concept of our proposed scheme
is to use interfering signals as a side information at
the interfered receiver by being silent at the
corresponding transmitter during some time slots. As
a result, we show that the reconfigurable antennas at
the receivers can enhance the achievable linear sum
DoF if the number of preset modes is greater than
the number of RF chains at the receivers.

There have been some studies to characterize the
sum DoF for the MIMO Z-IC with various CSIT
assumptions. Ke and Wang derived DoF regions of
MIMO Z-IC under the assumption that the
transmitters are aware of perfect CSIT for all the
links in MIMO Z-IC"™". In this scenario, each
transmitter should know channel state information
(CSI) of the links from the other transmitter, which
causes additional feedback overhead to the
communication system. Recently, the DoF regions of
MIMO Z-IC with delayed CSIT was also
established"?. In this paper, we derive DoF regions
of MIMO Z-IC with reconfigurable antennas at the
receivers assuming that any CSI is not available at
the transmitters. Although there has been previous
work to characterize the sum DoF for MIMO Z-IC
with reconfigurable antennas at the transmitters' ",
our work shows new DoF regions of MIMO Z-IC
since we assume that receivers are equipped with
reconfigurable antennas, which is the first work in
the literature to the best of our knowledge.

The rest of this paper is organized as follows. In
Section II, we introduce the considered MIMO Z-IC
system model. In Section I, we derive the
achievable linear sum DoF and propose a new
achievable scheme for MIMO Z-IC with
reconfigurable antennas at the receivers in the
absence of CSIT. In Section IV, we conclude this
paper.

Notation: For a vector a, lal means Euclidean
norm of a, and diag(a) represents a diagonal matrix
whose diagonal entries are elements of a. For a
matrix A, AT means the transpose of A, span(A)
denotes the space spanned by the column vectors of
A, rank(A) is the dimension of span(A). For a
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set of matrices {AH}N7 , diag(A,,...,Ay) denotes

the block-diagonal matrix consisting of {A,}"

n=1"

For a,bEN, [a:b] denotes {a,a+1,...,b}.
II. System Model

We consider a MIMO Z-interference channel

where two transmitters 7} and 7, have A, and A4,
antennas each, and two receivers R, and R, are
equipped with /V, and /V, reconfigurable antennas
that can switch among S, and S, preset modes,

respectively. The preset modes at the receivers at

time ¢ are represented as

"ZLNI (t)]a
Iy, (t),...,lQ’N2(t)],

where {1, ()} S [1:5], i€{1,2). Each

Ti has a message VVL to send for its corresponding
receiver /7, ie{1,2}. 7, causes interference at
R, but Tl does not cause interference at R2
which implies that the signal from 7] is received

below noise level at HQ We call this model as
(M, My, N, N,, S, S,) MIMO Z-IC. These are

illustrated at Fig. 1.

We assume that channel gains remain constant
throughout the course of communication, i.e.
quasi-static fading channel. In this scenario, the
channel gain at each time only depends on the

preset mode at the receiver. We denote the channel
gain for the link from 7: to Rj at time t as

h, (l ( ))E(CNX M We also represent the

s ’L
channel matrices for the link from ]; to R] over

M channel uses as
H™ = diag([h;, (1)), h; (1, (m)]).

We assume that each ]} intended to send a

S; modes
T, | ¢ _; Il Ry
v ’
/
M N
! 4 ! S, modes
/
v
. , .
TZ : — : RZ
M, N,

—p  direct link
= = = & interfering link
Fig. 1. (M, My, N, N,, S, S,) MIMO Z-IC.

nl(m)><1

message vector wZE(C’ to R- through the

M, X )
beamforming matrix VHIECm mi{m . We

restrict ourselves to linear coding strategies at the

transmitters. Thus, the transmit signal from TZ' over
m channel uses is given by .’L'Zn ZV;H’wi. The

input-output relationships at the receivers over 1M

channel uses are given by

H1 \Zy H1 2Ty 21",
m
=H sz +27,

where z?" is the additive white Gaussian noise

vector over 1M channel uses, whose entries are
independent, each of which distributed as C/V( (0, 1)
at R, jE{1,2}.

We assume that the transmitters have no
knowledge about the channel gains, i.e., no CSIT.
On the contrary, the receivers are aware of CSI for
their incoming links. At the receivers, interfering
signals are aligned and desired signals occupy
independent signal subspaces through predetermined
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order of antenna switching, referred to as preset

mode pattern. We denote the preset mode patterns of

R, during m channel uses as

J

ij = [lj(l)T,...,lj(m)T], jE{1,2}. since the

channel gain varies solely depending on the
receiver’s preset mode pattern, the channel gains of
the links towards the same receive antenna have the
identical changing pattern.

Lastly, the linear DoF (LDoF) tuple (d17 dQ) is
said to be achievable if there exists a set of
beamforming vectors and preset mode patterns

almost surely, satisfying

dim(Proj[iCSpan<HﬁliV§n))2 n;(m),

. m(m)
d,=lim ——,
m

m—>0o0

where Proj 4 B denotes the vector space induced

by projecting B onto the orthogonal complement of
A, and [, is the interference signal subspaces at R7

as

I, =span(HP, V),
L=0,

for &{1,2}. The linear sum DoF for the MIMO
Z-1C is defined as

LDoF, , = LDoF, +LDoF,,.

II. Achievable Scheme

In this section, we derive the achievable linear
sum DoF LDOFIQ and propose a new achievable

scheme for MIMO Z-IC with reconfigurable
antennas at the receivers in the absence of CSIT.
The main result of this work is as follows.

Theorem 1. For the (M, ]WQ, ]Vl, ]\727 517 52)
MIMO Z-IC with reconfigurable antennas at the
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receivers in the absence of CSIT, the achievable

linear sum DoF is

LDoF in(M, V)| 1 min (44, %)
O 172—mln 194V m

+min (14, V).

Remark 1. According to Theorem 1, the

reconfigurable antennas at /7, cannot increase the
achievable linear sum DoF, since LDOF , is not

related to 51 which is the number of preset modes
at 7.

Remark 2. According to Theorem 1, the linear
DoF tuple
(dp d2) = (min(]lll,]\fl), min(%, ]\72)) is
min (]142, NQ)
min(%, 5’2)

achievable if goes to zero. This

implies that the interfering link from TQ to Rl can
be ignored from the DoF perspective if
min(]llz, 52) goes to infinity, but min([lIZ, ]VZ)
is a constant factor.

Remark 3. Without reconfigurable antennas, the

achievable linear sum DoF for (]Wl, ]WQ, ]VN ]VQ)

—+— Without reconfigurable antennas
—=—With reconfigurable antennas (proposed)

Achievable linear DoF

2 25 3 35 4 45 5
# of preset modes (51, Sz)

Fig. 2. The achievable linear DoFs for (4,4,2,2,5 5,)
MIMO Z-IC when S =.5,.
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MIMO Z-IC in the absence of CSIT is
max (min (A4, V,), min (14, N,)). We can
easily check that the achievable linear sum DoF is

increased by reconfigurable antennas at the

receivers. For instance, we compare the achievable
linear DoFs for (4,4,2,2) MIMO Z-IC where the
receivers are not equipped with reconfigurable
antennas and (4,4,2,2,51,52) MIMO Z-IC
(Sl = 5’2) where the receivers are equipped with

reconfigurable antennas. Fig. 2 shows that we can
achieve the DoF gain by reconfigurable antennas if
the number of preset modes are greater than the
number of receive antennas.

The main idea of our achievable scheme is to use

interfering signals as a side information at RL over
the multiple of transmissions and silences at Tl
We can easily see that LDOF , can be achieved
T if
min(%, 52) Zmin(%, ]\72) Thus, we only

by only transmitting

focus on the case where
min(]%, 52) > min(%, ]\72) . Basically, our
scheme uses M= min(]llz, 52) time slots,
required for a conventional MIMO transmission
between TQ and RZ with reconfigurable antennas at

the receiver. Let us explain our scheme into

two-step design; 1) a conventional MIMO

transmission between 75 and /%, and 2) multiple
MIMO transmissions and silences between T1 and
R,

1) A conventional MIMO transmission between

Té and Rz with reconfigurable antennas at the
receiver: During M = min(%, 52) time slots,
T2 transmits ~ its  signals  to RQ as
min (14,5,) X N, MIMO channel. Since R,
with SZ preset modes can decode the desired
symbols from at most 52 transmit antennas when

75 transmits the signals as MIMO channel, 7,

only uses min(]%?, 52) transmit antennas to send
its signals. Thus, the beamforming matrices at Té
and the preset mode patterns at RQ are constructed
as l-user min(]WQ,SZ) ><]V2 MIMO channel with

(31 During

SZ preset modes at the receiver
min(%, 52) time slots, R1 does not change its
preset modes to align interfering signals from 7
into 1-dimensional signal subspace. Since T2

min(%,SQ) Xmin(%,]\g)

signals over min(%, 52) time slots, the

transmits its

achievable linear DoF of Tl—Rl pair is given by

min (14,5, ) X min (14, N,)
min (14,.5))
=min (14, N,)

LDoF, =

2) Multiple MIMO transmissions and silences
between Ti and Rlz From the Ist time slot to the
min(%,%)—min(%7]\6)th time slot, a
MIMO transmission proceeds in each time slot as if
there do not exist the interfering signals from T2 In
each time slot, the beamforming matrices at Tl are
constructed as a conventional A4 X /N, MIMO
channels. During the remaining min(%, ]\72)
time slots, Tl keeps silent (does not transmit the
signals), as Rl does not change its preset mode
patterns as in the previous time slots. These
min(]W27 ]\72) time slots, where 7] keeps silent,
are required for canceling the interfering signals
from TQ at Hl At Hlv the interfering signals from
the 1st time slot to the
min(]llg, %)—min(ﬂfw%)th time slot can
be canceled by utilizing the received signals during
the last min(%, ]\72) time slots, where the BS
keeps silent, since R1 only receive independent

min (]WQ, A ) signals  from 1,  over
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min(]%, ]VZ) time slots. Thus, the achievable

linear DoF of T1‘R1 pair is given by

LDoF, = min(]lll,]\fl)
min (14, 5,) —min (14, N,)
win(iZ,5))

X

Through our proposed scheme, the achievable

linear sum DoF is

LDoF, , = LDoF, + LDoF,
= min 104 V1 n(%’%)

+min (M, V).

Let us give a toy example of our proposed
scheme.

Example 1. Consider (1,2,1,1,1,2) MIMO Z-IC. In
this scenario, two (min(%, 52) = 2) time slots
are used to transmit two messages from T1 and 7,

respectively. First, TZ transmits its message

2 X 1 .
’LUZEC over two time slots. Thus,

212]T

_xr2 71
= Vywy= [wz Wy Wy Wy

To decode its desired symbols at RZ, R2

switches its preset mode between the 1st and 2nd

time slots as

Ly= [1,(1),,(2)]=[1,2].

By this scheme, RZ can decode its desired

symbols from T2 since it receives two independent

signals over two time slots for two desired symbols.

ZJZ H22$2+ 7= (hmu)w2

h2,2<2>w2)”g
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Let us see a signal transmission between Tl and

R1~ According to our proposed scheme, since

min (M, N,) =1 and min(d4, S,) =2, T,
transmits its message to }31 at the Ist time slot and

do not transmit the signals to /7, at the 2nd time
slot. Thus,
_ Y72 _ 1 T
=Viw, =[w; 0]".

To align the interfering signals from 7, f7
does not change its preset mode as
L= [1,(1),;,(2)]=[1,1].

The received signal at R’l over two time slots is

given by
3/2 I'111371 12%"'?1)
h1 1(1)w1) hl 2 1 Wy 9
— ? —|— ’ —|—
( 0 h1,2(1)w2 “1

Rl can decode its desired symbol by subtracting

the received signal at the 2nd time slot from the

received signal at the 1st time slot. In conclusion,
the sum of three symbols can be decoded at Rl and
R2 over two time slots, thus the achievable linear

sum DoF is 3/2, which corresponds to Theorem 1.

LDoF | , :mm(]%l,]\fl)(l— min(17,5,)

+min (M, N,)

1
=1x|1—=[+1
-3)
_3
>

IV. Concluding Remarks

This work mainly showed the achievable linear
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sum DoF for the MIMO Z-IC with reconfigurable
antennas at the receivers under the assumption that
the transmitters do not have any channel state
information. We proposed an achievable scheme to
align interfering signals and to decode desired
signals through the switching of reconfigurable
antennas at the receivers. The key idea of our
proposed scheme is to use interfering signals as a
side information at the interfered receiver by being
silent at the corresponding transmitter during some
time slots. This implies that we showed that the
reconfigurable antennas at the receivers can increase
the achievable linear sum DoF in certain cases.
Future direction of this work could be to derive the
upper-bound on the linear sum DoF for the MIMO
Z-IC with reconfigurable antennas at the receivers in
the absence of CSIT to show that the achievable
linear sum DoF induced by our proposed scheme is
tight. Moreover, we could extend our work for the
MIMO Z-IC to the circular MIMO Z-IC in which

three or more users exist in the network.
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