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Abstract—In this paper, we characterize the achievable (linear)  Recently in [6], Wang presented the first characterization
Degrees-of-Freedom (DoF) of theK-user SISO Interference for the sum DoF when using BIA over the 3-user interference
Channel with Blind Interference Alignment (BIA) using stag-  channel, It was shown that BIA can achieve a sum Dok of
gered antenna switching. In such scheme, each transmittersi hich i ter than th it DoF achieved b 5,
equipped with one conventional antenna and each receiver is Which 1S greater than e_ unly_ sum Dok achieve i y haive
equipped with one reconfigurable (multi-mode) antenna. Assm- ~ Orthogonal schemes. Besides, it was also shown ghiatthe
ing that the channel is known to the receivers only, we show upper bound on the DoF achieved by linear BIA schemes.
that by using linear BIA WQ'EP staggered antenna switching at However, this result is specific for the 3-user channel, and
the receiver, a sum DoF ofK—+2 is achievable. This result implies the DoF of the generid -user interference channel with BIA

that using BIA, we can double the DoF achieved by orthogonal remains an open issue. In this work we extend the analvsis
multiple access schemes for large number of users. Moreover ! pen issue. IS WOrK, we ex Yy

we propose a systematic algorithm to generate the transmit in [6], and show that when using BIA with staggered antenna
beamforming vectors and the reconfigurable antenna switcimg switching over aK-user interference channel, a sum DoF of

patterns, showing that it can achieve the2X; sum DoF forany K. 2K s achievable. A key insight behind this result is that

; . . K+2
Finally, we apply this algorithm to the 4-user SISO Interference anng signal vector can be aligned with interferenceiat- 2
Channel, and demonstrate that% sum DoF is indeed achievable.

unintended receivers, which corresponds to the alignment
scheme considered in this paper. Such result suggestsithat B
can achieve double the rate achieved by orthogonal schemes
for large K. This resultis novel as it is the first characterization
for the DoF of the K-user interference channel with BIA.
. INTRODUCTION Moreover, we propose a systematic algorithm for generating
I NTERFERENCE is one of the most important factors thahe transmit beamforming vectors and the receive antennas
limit the capacity of wireless networks. Because charactewitching patterns in order to achieve tlﬁf—Q DoF. Finally,
izing the exact capacity region of interference channedsiite  we apply this algorithm to the 4-user SISO interference
complicated, the Degrees-of-Freedom (DoF) has emergedcaannel showing th% sum DoF are achievable almost surely.
a convenient metric to quantify the capacity limits of such
channels. The DoF correspond to the number of independentt is worth mentioning that several works have characterize
interference-free signaling dimensions, and have beerachathe DoF of the interference channel with delayed CSIT. For
terized for many multiuser network settings. example, in[[7], it was shown that the DoF of thé-user
Recently,interference alignmen¢lA) has been shown to interference channel with 1A and outdated CSIT approach the
achieve the DoF of various wireless networks [1],[2]. Iimiting value4/(6 In(2) — 1) ~ 1.266 as K — oo. Also, the
[3], Cadambeet al. have shown that IA can achieve thesum DoF of two ergodic IA techniques with delayed CSIT
% DoF of the K-user interference channel. However, theresented in [8] was shown to q@% It is important to note
IA schemes presented therein require global channel sthtge that our work departs from these works as BIA does
information to be known at the transmitters (CSIT), which iaot require any CSIT. Other BIA schemes, such as the relay-
not always possible in practical systems. Stemming from thassisted scheme inl[9], requires the presence of seveagkrel
point, many research efforts have been dedicated to devebmtween transmitters and receivers, which may not be the cas
“Blind Interference Alignment’(BIA) techniques that can in many practical scenarios. Contrarily, BIA using stagger
be applied without CSIT. In[[4], Jafar has shown that BlAantenna switching only requires the usage of reconfigurable
can be applied if the channel temporal correlation streéctuantennas at the receivers, which does not entail significant
follows specific patterns. Such patterns were createdaatlfi hardware complexity as reconfigurable antennas use a single
using reconfigurable antennas [in [5] for the broadcast aflanRF chain [5].
(BC). However, the channel temporal correlation structhee
achieves the DoF of th&-user interference channel cannot The rest of the paper is organized as follows. In Section
arise in nature [4], and cannot be created using reconfitpirab, we present the system model. Next, in Section Ill, we
antennas_[5]. derive the sum DoF of th&(-user SISO interference channel
" . o o o with BIA using staggered antenna switching at the receier.
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Il. SYSTEM MODEL

[ —1 dimensions from a set d@f— 1 distinct transmitters, e.g.,

We consider a fully connecte#-user SISO interference {12, i—1,i+1,....1} at the remaining K —) receiverd,
channel where each transmitter is equipped with one cdhd-{l + 1,1 +2,...., K — 1, K}. In the rest of the proof,
ventional antenna, and each receiver is equipped with"g obtain the optimal value fol. Note that the following
reconfigurable (multi-mode) antenna that can switch amofgndition is satisfied

M distinct modes. The received signal at #ié receiver over
m channel uses is given by

K

yi =Y Hxi+ng, kjic{l,2,.,K}
=1

(1)

wherey, € C™*! represents the received signal ower
channel uses (time or frequency slotg), € C™*! is the
transmitted signal vector by thé" user,n, € C™*! is an
additive noise vector where the noise sample atithehannel
use isng(j) ~ CN(0,1), andHy; € C™*™ is the channel
matrix between the'” transmitter and thé*" receiver. The
channel matrix can be written as

Hy; = diag([hri (px(1)) hri(Px(2)) - hri(Pr(m))]), (2)

at receiverj: H;;vll € spar(H,; V"), 4)

Vi e {l+1,04+2,..K—-1,K}, andvk € {1,2,...,i —
1,i+1,...,1 — 1,1}. Now assume thavl[i’] also aligns with
another! dimensions from a set dfdistinct transmitters that
include the transmittet 4+ 1 instead ofi, i.e., {1,2,...,4 —
1,i+1,..,1— 1,1+ 1} at the remainingd K — ) receivers,
e, {l,l+2,1+3,..,K—1,K}. In this case, the following
condition is satisfied

at receiverj: H;;vll € spar(H,; V"),

(®)

Vi e {l,l+2,1+3,.,K—1,K}, andVk € {1,2,....i —
1,i+1,...,1—1,l41}. Given that all channel matricéd;,
Vi, have the same changing pattern dictated by the predefined

where p; is the reconfigurable antenna switching pattern &ntenna mode switching pattern at recejyere directly apply

the k" receiver. We assume an antenna with possible

modes, thuspi(j) € {1,2,...,M} is the selected antenna

mode at thej!* channel use. Each mode corresponds
a distinct channel realization, which means that at jHe

channel use, the channel between tHfetransmitter and the

k" receiver belongs to the séti;(1), hk;i(2), ..., hxi (M)},

depending on the switching pattep).. We assume that all
channel coefficients are drawn i.i.d. and are constant:for

channel uses. The transmitted signal veetpis given by

X; = Z s([;] u([;]
d=1

where d; is the number of symbols transmitted by tif&
user overm channel usessg] is the d'" transmitted symbol,
andu[di] is anm x 1 transmit beamforming vector for th&"
symbol, wheren!! = [u! (1) u(2) ... ull(m)]7, andull (5)
is an arbitrary complex-valued weight.

®3)

I11. BIA USING STAGGEREDANTENNA SWITCHING: DOF

CHARACTERIZATION

Lemma 2 in [6] to [#) and[{5) to obtain

o vl e sparfvIF), (6)

Vk e {1,2,..,i—1,i+1,..,0—1,1,1+1}. Now, consider re-
ceiverl+1. From [4) we havéd; 1 ; vt[j] € sparfH, ., ; VIF),
which can be written as

Hjy1; Vg] € SpaniHH—l,H-lHljr1171+1Hl+1,kV[k])-

(7)
Thus, we havevl e sparH . H.1:VH), vk e
{1,2,..,i — 1,4 + 1,..,1 — 1,1}. From [6), we know
that vl € sparVI+l). Therefore, spaiv!‘*) and
spar(Hljr117l+1Hl+17kV[k]) have at least one-dimensional
common subspace, and divl! 1 N Hl;117l+1Hz+1.,kV[k]) >
0, which implies that;, 1 ; ., VI andH,, ; V¥ have a
non-zero intersectiovik € {1,2,...,i—1,i+1,...,1—1,1}. Be-
causeH;, ; ;41 VI is the desired signal, receives- 1 will
have its signal polluted with interferencew'fl‘] is aligned with
distinct dimensions from the set of transmittdrs 2, ..., 7 —
Li+1,..,0—11+1}and{1,2,....i—1,i4+1,...,0— 1,1}
simultaneously. Therefore, we reach the following coriolus

In this section, we derive an achievable sum DoF of th@iven the adopted alignment scheme, if any dimension from
interference channel with BIA using staggered antennachwit one transmitter aligns with interference froi— 1 distinct
ing at the receivers. In the next theorem, we assume no CS¥ansmitters at the remaining’ — I unintended receivers, then
each receiver is equipped with a reconfigurable antenna withcannot be aligned with any other set of transmitters at
an arbitrary number of antenna modes, and each transmitiaother set of unintended receivers

has a conventional antenna.

Let d;, ,,..; denote the number of dimensions of

Theorem 1: In thei-user SISO interference channel withthe common subspace projected from thetransmitters

BIA using staggered antenna switching, a sum DOF%
is achievable almost surely.

Proof Assume that usei sendsd; symbols overn channel
uses. Thatisx; = 3% | s/ ull Letvll = sl w7 be thedt”

dimension transmitted by usey and VI = [vI! v U]

{i1,42,...,01} C {1,2,..., K} at the remainind{ — [ receivers.

Then we can generalize conditions (21) and (22) in [6] as

(8)

INote that a set of dimensions frond transmitters can be aligned, at most,

be anm x d; matrix containing all dimensions transmitteT'd byat (K —1) receivers. Otherwise, some receivers will have their ddssignals

. . . . “al
useri. Now assume the following alignment scheme whlcﬁI

igned with interference. Besides, we cannot align migltgimensions from
e same transmitter at any unintended receiver, becawse did so, those

we will use to prove the achievability resutt.{;] aligns with  dimensions will align at their desired receiver and will tet decodable.
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Vir # Jo # # Juur #F up F

J13 02y eees Jly UL, Uy wvny U € {il,ig, ...,il}, and

# w, and

K K K

E E e E di7k]7,,,7kl,1 S di7 (9)
ki=1ko=k1+1 ki—1=kj—2+1
ki#i ko ki_1#1

wherei € {1,2, ..., K'}. Now, consider receivet. Because the

desired signal vectors must be linearly independent froch ea

other and from interference, they occugy dimensions. In
addition, the interfering signals from every set/dhterfering
transmitters {iy, 42, ...,4,} < {1,2,...,k — L,k + 1,..K}

unlike Theorem 7 in[[10], which assumes a very specific
channel coherence structure, our result holds for any (géne
coherence structure. In the following section, we propase a
algorithm to systematically generate the antenna switchin
patterns and the beamforming vectors such that%ﬁg sum
DoF is achieved.

IV. BIA A LGORITHM

A. Antenna switching patterns and beamforming vectors gen-
eration

For the proposed algorithm, we assume that each reconfig-

overlap ind;, i,,...;, dimensions. Because the total numbefraple antenna has only two modes, i, (j) € {1,2} is the

of dimensions is equal to the number of channel usgesve
have

K K K K
Zdi— Z Z Z dkl,kg,...,kl <m. (10)
=1 k1=1ko=k1+1 ki=k;_1+1

Fizk kak [

By summing the inequality if_(10) ovdr, we have

K K K K
K d-(-nYy 3 Y
=1 k1=1ko=k1+1 ki=k;_1+1
(11)
where the factor (K — [) arises from the fact
that each dimensiondy, .. aligns at (K — 1)
receivers. Next, we sum [](9) overi to get

K K K K
Zi:l Zklzl Zkg:k1+1 s Zkl—lzkl—2+1 di,klwn,szl' It
k171 ko#i

. k174 .
can be shown that this series will contaify y, . &, .,

{i,k1, .y ki—1} € {1,2,...., K} with all possible
permutations of {i ki,....,k—1}. For instance, at
K = 5 and ! = 3, the summation

d123 4 d124 + di125 + d134 + di3s + dias 4+ d213 + do1a + d215 +
dosa +dags +doas +dz12 + ds14 4+ ds1s + ds24 + dses. From [8),

we know thatdlgg =d32 = d321 = ... = do13, then we have
K K K K
Doim1 Doka=1D ka=ky 1 Dy 1=k _o+1 Diey iy =
k;17£1 ](;2757, kllflséi

K K K
|
2 Zk1:1 Zkzzkl-{-l s Zl{al:k171+1 dkl-,k2 »»»»» ki

Substituting with inequality  [{9), we

K K K
2 Zklzl Zk2:k1+1 s Zkl:kl,H»l iy koo ky < i—1 di-
Thus, from [(11), we get
K K
(K —1)
KZdi—TZdigKm. (12)
i=1 1=1

Note that! is a design parameter, so we are interested
selecting! that maximizes the sum Dof S di. We can
rearrange[(12) as

| X
E;diﬁ

which is achieved at = 2.1

Kl 2K
Kl'-K+1 K+2

sup
1>2

(13)

dicy ks....ky < Kmalgorithm presented in this subsection, t

selected antenna mode at tli¢ channel use. The channel
between the!” transmitter and theé!” receiver belongs to
the set{h.;(1), hx;(2)}, depending on the switching pattern
pr. We also assume that the elements of the beamforming
vectors are binary, thumf}](j) e {0,1}, i.e., we either
activate or deactivate a certain symbol at a certain channel
use based on its beamforming vector. Later in this section,
we show that imposing these assumptions, in addition to the
5 sum DoF
can be achieved. Such assumptions have important hardware
implications. For instance, the proposed algorithm omsrat
with low cost reconfigurable antennas that have only two
modes. Besides, beamforming is very simple and applied by
activating or deactivating certain symbols at the transmit
The idea behind the algorithm and the insights based on which
it was constructed can be found in the proof of Theorem 2.
In order to achieve the DoF presented in Theorem 1, we
need to satisfy the bounds [0 (9) andl(12). It is obvious that t
bound in[[9) is achieved if every dimension transmitted bsrus

reduces toi aligns with some other dimension from another user. Thus,

each user needs to sed— 1 symbols pern channel uses.
Moreover, the bound if(12) is satisfied if we use the minimal
number of channel uses that keeps the desired signals and the
interference linearly independent. This is simply satisfigy
settingm = 1(K + 2)(K — 1), which is the division of the

total number of symbol& (K —1) by the maximum sum DoF.

have The following algorithm can be used to generate the transmit

beamforming vectors and the antenna switching patterns for
all users.
1: procedure BIA(K)
2. Generate a matrixP [P1, P2, ... Px] €
B2 (K+2)(K-1)xK \whereB = {0,1}, such that all the

in column vectors that are the Hadamard product of all the
combinations ofK — 2 column vectors ifP are linearly
independent.

3 ConstructP = P + 11k ioyk—1)xk» Wherel,.m
is ann x m matrix with all elements = 1.

4: <+ 1

5. while 2 < (.F,) do

6: Pick a new pair of distinct usersand j, and a

Thus, for a large number of users, the achievable sum DoF new pair of dimensiong; andk;.

of BIA in the K-user interference channel approacheshis

7 Setugﬁ ZHEgj +— P1opP20...0P;i—10Pi+10...0

means that the best we can do using the proposed schemep;_; o pjt10...0 Pk, whereo is the Hadamard product

when the CSIT is not available is to offer double the DoF
achievable by orthogonal multiple access schemes. Note tha

(element-wise product).
T x+1.
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9: end while 3) The interference space and the desired signal space
10: return P andu[lll,.. u[;{]_l,u[f],...,u[;]_l,...7 do not intersect, i.e., all desired signal vectors are
11: L ulX] independent to all interfering signal vectors.

1 > K—1"

12: end procedure

Condition (1) implies that thell — 1 desired signal vec-
The algorithm return®, whose column vectors represent th

ors must reside inK — 1 independent dimensions. Since

antenna S‘_N'tCh'ng patterns for ell USETS, arid which is the o total number of dimensions is equal to the number of
beamforming vector for th&!" dimension (symbol) sent by channel usesn — (K + 2)(K — 1), then condition (2)

th
the i"" user. In the next subsection, we investigate the Do\ i, the interference should reside in the rerimgin

achieved by the proposed algorithm. 2(K LK —1) — (K —1) = %K(K 1) dimensions.
Condition (3) implies that no interference vector alignghwi
B. DoF achievability by the proposed BIA algorithm any signal vector. If all these conditions are satisfiednthe
Before investigating the achievable DoF by the proposéde DOF of a user is the ratio between the number of its
algorithm, we prove a useful lemma. interference-free signal drmensrons to the total chansebu

Lemma 1: For anykK, there always exists a matri ¢ €., DoFj = % = %z~ Thus, the sum DoF for all
Bz (K+2)(K-1)xK gych that the matritJ comprising column users ISK+2, which is the achievable DoF stated in Theorem
vectors that are the Hadamard product of all the combinagiorl. We start by proving condition (1). From lemma 1, we know
of K — 2 column vectors irP has full column rank. that all the distinct beamforming vectou%’] ViI<k<K-1
are linearly independent, which means that the signal space
will not collapse as it resides i — 1 dimensions. Thus,
condition (1) is satisfied. Now, we prove that condition (2)
is also satisfied. Note that each of tf& — 1 interferers on
receiverj sendsK — 1 symbols. From step 7 in the algorithm,
we know that any beamforming vectét for interfereri is

Proof We can easily prove this by providing an example for
matrix that always satisfies this condition. IBt= [1x«x —
Licxcres Ay -1y (e 1)<kl W@ A s 1)y (rey1)x e DS
distinct rows, with each row contamlng exactly — 2 ones.
For instance, fortK' = 4, the matrixP is

611100110 the same as some beamforming vedtgrof interfererw, i.e.,
_ 1011010171 ul) = ul" B oPro.oPi1 0Bt 0 0 P10 Putr 0
P = 1101 1 00 01 ..oPpg. Thus, the beamforming weights in boﬁﬁ” andugjﬂ

111011100 are non-zero only ifp; = 1, i.e., when receivey activates

mode 2 of the reconfigurable antenna. Thus, the interfering
Now focus on the matrilJ = [uju,...u( « 1], where each dimensionst; andk,, will always be aligned along the vector
column vecton; is the Hadamard product of a distinct subset;! = u}" at receiver;j since all their non-zero weights
of K —2 column vectors irP. It can be easily shown that all perceive the same antenna mode, and will be independet from
columnsinU are Independent which directly follows from theall other vectors as shown in lemma 1. Note that for interfere
fact that the last1 K — 1) x (K +1) elements in each column, there also exists some beamforming vector which is
in U have a srngle non-zero elements in unique position®e same as some beamforming vedetprof the desired user
Thus, no set of scalargay, az, ..., (Kiz)} that are not all ; (we will show that they will not align while proving that
zero exists such that;u; + asus + ... + a(Kﬁz)u(Kfiz) = condition (3) is satisfied). Thus, each interferer seids- 1
04 (1 12y 1)- Since matrixP can be generated for any, sigr_rall vectors, and has — 2 signal vectors each aligned with
the lemma followsm a distinct signal vector frem another m_terferer, Ieadmgat
total of (K — 1)(K — 2)/2 interference dimensions. Besides,
In the next theorem we prove that the proposed schemgch interferer has a signal vector that does not align with
achieves thez 5 sum DoF. any other interferer. Thus, the total number of interfeeenc
Theorem 2 Applyrng BIA using the switching patterns angimensions i K — 1)(K —2)/2 + (K — 1) = K(K 1).

beamforming vectors generated by the algorithm in Sectiqmus, condition (2) is satisfied. Finally, we focus on coiotit

IV-A, the sum DoF of2%; is achieved almost surely for any(3). Recall that at receivej, each interfereri # j has

K. some beamforming vectok;, which is the same as some

Proof We focus on an arbitrary receive. From [1), we Peamforming vectok; of the desired usef, i.e. ULJ = ug] <

know that the received signal at such receiver is given I opzo...0P;—1 ©Pi+1©...0P;j—1 ©Pj+1 ©... O PK. Since
Zl 1 H;;x;. Based on the algorithm in Section IV-both p; and p; are excluded from the Hadamard product,
A we know that each transmitter senfis— 1 symbols over there exists channel uses at which the beamforming vectors
(K + 2)(K — 1) channel uses. Given the antenna switctof i and j are activated and the selected antenna mode is
ing patterns matrixPz(K+2(K-1)xK and the beamforming 1, and other channel uses at which the beamforming vectors
vectors for all transmitters, we need to prove the following of i and j are act|vated and the selected antenna mode is 2.

1) Atreceiverj, the signal space does not collapse, i.e., alinus althougm P = uL,, the received desired signal vector
desired signal vectors are independent. and the mterference vector do not align since the antenna

2) The interference at receivg¢rmlways resides in a dimen- pattern changes over the non-zero entries of the beamfgrmin
sion of %K(K —1). vectors, i.e. they are linearly independent almost sukgyce,
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all signal vectors are independent on all interferenceorsct can be easily proved by showing that thex99 matrix R
almost surely. Since conditions (1), (2), and (3) are satisfi defined in [2B), which contains all the received desired and
then the DoF of usej is 2/(K + 2). By symmetry, the sum interference vectors, is full rank, which follows from theect
DoF is given by2 K /(K +2). Thus, the sum DoF in Theoremthat all rows and columns iR are linearly independent almost
1 is achievedm surely. Thus, receiver 1 achiev%sDoF almost surely. The
same analysis can be applied to receivers 2, 3, and 4. At
C. Application to the 4-user SISO Interference Channel ~ €Very receiver, the interference will occupy a 6-dimenalon
ace while the desired signal occupies a 3-dimensionaéspa

. S
Consider a fully connected 4-user SISO Interference Chalig,cq ihe achieved sum DoFjs Note that forK = 3, each
nel. It follows from the discussion in the previous sectlo%f(/é

h h 43 bol 9 ch | 0 symbols can be aligned at one unintended receiver, and
that €ach user can sen SymboIS over 3 channel uses. eproposed algorithm reduces to the schemglin [6] achgevin
possible choice for the matriR is given by

a sum DoF 01% For K = 5, each two symbols can be aligned

121 21 2 2 21 at 3 unintended receivers, and the achieved sum Dd?.is
pT 211 2 2 1 2 2 2 (14)
122 2 1111 2 2 V. CONCLUSION
29 9 2 9 9 1 1 1 In this paper, we have shown that linear Blind Interference

Alignment (BIA) using staggered antenna mode switching can
where it can be seen th# satisfies the conditions in lemmagchieve a sum DoF 0{?—52 in the K-user SISO interference
1. The algorithm starts by picking any distinct pair of userghannel. A key insight is that each signal dimension from
e.g., users 3 and 4, and selects any of their symbols, sfe user can be aligned with a single set of distinct users at
the first symbol of each. These symbols can be alignésk receivers of the remaining users. This result suggbats t
at receivers 1 and 2. We let the beamforming vecto{s we can double the unity DoF of orthogonal multiple access
and u[14] for both symbols be equal and set their values tachemes without channel state information at the transrsitt
P1 o pa. From [14), we havp; =[01 0101 11 0]7, and Moreover, we proposed an algorithm to generate the transmit
P = [100110111)7. Thus, we haveu!” = ul* = beamforming vectors and antenna switching patterns ediliz
000100110]". Similarly, we can align every pair of in BIA. We showed that the proposed algorithm can achieve
2 symbols from 2 distinct users at thi€ — 2 receivers of the I?—fz sum DoF for anyK. By applying this algorithm to
the remaining users by choosing the beamforming vectorsths 4-user Interference Channel, it was shown that a sum DoF

follows: of % is achievable.
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where we drop the addiive noise term for convenience. r%’ﬂ C. Wang, “Degrees of Freedom Characterization: The 8fUSISO

(22), we see that the desired symbélllé, 5[21], andsg” occupy Interference Channel with Blind Interference AlignmetEEE Commun.

a 3-dimensional space. For the interfering symbols, werghse _ Lett,vol. 18, no. 5, pp. 757 - 760, May 2014.
[4] P gsy [7] M. J. Abdoli, A. Ghasemi, A. K. Khandani, “On the degredsfreedom

[2] ; T
thats;™ ands," align along the vectoj0 100000 1 0%, of SISO interference and X channels with delayed CS#Bth Annual
5%2] andsm align along the VeCtO[IO 1010100 ()]T, while Allerton Conference on Communication, Control, and ConmgtMon-
3] 4] T . ticello, IL, Sept. 2011.
51 ands; ' align along the VeCtOp 00100110]". This [8] M. Kang and W. Choi, “Ergodic interference alignment hvitlelayed
is due to the fact that every pair of these symbols have a feedback,”IEEE Signal Process. Lettyol. 20, no. 5, pp. 511?14, May
non-zero entry in the their beamforming vectors only whep 2013. . _ _
h . | de 2 hich i db 69]7Y. Tian and A. Yener, “Guiding the Blind Transmitters: @rees of
_t € receiver se QCtS mode <, W_ Ic IS_gual_’antee y _Ste Freedom Optimal Interference Alignment Using Relay§EE Trans.
in the BIA algorithm. Thus, the interfering signal occupges Inf. Theory,vol. 59, no. 8, pp. 4819-4832, Aug. 2013.
6-dimensional space. To make sure that all desired symbBfd S. Jafar, “Blind Interference AlignmentZEE J. Sel. Topics Signal
. Process.yol. 6, no. 3, pp. 216-227, Jun. 2012.
are decodable, we need to prove that all vectors carrying
the desired symbols are linearly independent and the 3-
dimensional subspace carrying the desired symbols does not

intersect with the 6-dimensional interference subspatés T
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Hy;, = diag[hi (1) hix(2) hir(1) hig(2) hag(1) hig(2) hig(2) Rik(2) hik(1)]). (21)
y1 =

i i i 627
hir(1)  hir (1) hii(1) 0 0  hia(1) 0 0  hiz(1) 0 0 ha()] |
0 0 h1i(2) hi2(2) hi12(2) hi2(2) 0 hi3(2) 0O 0  huu(2) 0 2
0 0 hi(1) " 0 0  hia(1) O 0 0 0 0 0 3?3]
0 h11(2) 0 S1 0 h12(2) 0 h13(2) h13(2) h13(2) h14(2) 0 0 S1
0  hu(l) 0 s +] 0 0 0 0 0 hiz(1) 0 0 0 st
0 0 0 sl 0  hia(2) 0 0  hiz(2) 0 0 0 0 s
0 0 0 0 0 0 ms(2) O 0  hu(2) 0 0 Ra
hi1(2) 0 0 h12(2) 0 0  hi3(2) 0 0 hu(2) hu(2) ha@)] |y
hii(1) 0 0 | 0 0 0 0 0 0 0 0 hu(1) 5[24]
S

Rank = 3 Rank = 6 - -

(22)

(hi1 (1) hyi(1) hi(1) 0 0  hie(1) 0 hiz(1) hu(1)
0 0 h11(2) hia(2) hia(2) hi2(2) 0 0 0
0 0  hu(l) O 0  hip(l) O 0 0
0  hu(2 0 0 hia(2) 0 his(2) his(2) 0
R=| 0 hiu(1) O 0 0 0 0 hiz(1) 0 (23)
0 0 0 0  hia(2) 0 0 0 0
0 0 0 0 0 0 has(2) 0 0
hi1(2) 0 0  hip(2) 0 0 his(2) 0 hua(2)
hi1(1) 0 0 0 0 0 0 0 hi(1)
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