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A Distributed Algorithm for Robust Transmission In
Multicell Networks with Probabilistic Constraints
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E-mail: [xinruo.zhang,reza.nakhail@kcl.ac.uk

Abstract—This paper studies a robust beamforming optimiza- longer guarantee the desired QoS requirements and may lead
tion problem of minimizing total transmit power in a distributed  to unexpected results to UTs for practical channels. In géne
manner in the presence of imperfect channel state information the CSI uncertainties are modeled in two ways: determiisti

(CSI) in multicell interference networks. Due to the fact that del that csl to b fined withi
worst-case is a rare occurrence in practical network, this problen mode al assumes errors 10 be confined within an

is constrained to satisfying a set of signal-to-interference-plus- uncertainty region [2], [8], [5], and stochastic model [10]
noise-ratio (SINR) requirements at user terminals with certain [13] that models CSI errors to be statistically unboundetth wi

SINR outage probabilities. This problem is numerically in- some known distribution. Under the assumption of bounded
tractable due to the cross-link coupling effect among base statien CSI perturbations, the authors in [8] propose a distribated

(BSs) operating under the same frequency bandwidth and the . L . . .
robust constraints that involve instantaneous CSI uncertainties gorithm based on the principle of alternating direction moet

The intractable problem is first converted to a semidefinite Of multipliers (ADMM) technique to minimize the weighted
programming form with linear matrix inequality constraints ~ sum power subject to worst-case QoS constraints at UTs

via Schur complement, S-procedure and semidefinite relaxation with limited backhaul information exchange between BSs.
technique, and then decomposed into a set of independent sub-athogh the robust design on the basis of deterministicehod
problems at individual BSs and solved via subgradient iterations . . .
with a light inter-BS communication overhead. Simulation results gl'!arantees th? worst-case robustness against CSI U"‘?eﬂa'
demonstrate the advantage of the proposed strategy in termsfo it iS conservative due to the fact that the worst-case is @ rar
providing larger SINR operational range as compared with recent occurrence in practice and the realistic wireless netwaik c
proposed designs. tolerate occasional QoS outages. [10] investigates a beam-
forming design to jointly coordinate the aggregated trahsm
power and overall ICl with an outage probability threshold
Intercell interference (ICI) has been considered as a fundzing assigned to each SINR constraint. The design provides
mental limiting factor of the system performance for next-ge robustness against the second order statistical CS| earats
eration wireless communication network. Recently, maltic the authors assume that the statistical average of totatd@l
coordinated scheduling/ coordinated beamforming (CS/CB)e accurately estimated by the UTs and then updated to the
where base stations (BSs) only collaborate at beamformilogal BS. The assumption of statistical channel is, negerth
level for transmission strategies, has shown its promisitgss unrealistic in practice due to the time-varying natfre
advantages in terms of ICI mitigation [1]. Although the CB/C wireless communications. Assuming instantaneous CSt<rro
significantly relaxes the backhaul link capacity via avoica are Gaussian distributed and employing the Bernstein-type
of user terminals (UTs)’ data sharing, it still inflicts a eoninequality method, the authors in [13] introduce an outage-
siderable signalling overhead due to its need to full chenrgased robust transmission design to minimize the totastngn
state information (CSI) and/or a strict CS to secure theityualpower subject to satisfying QoS constraints for UTs above
of service (QoS) for cell-edge UTs. Hence, distributed &5/Ca certain outage probability threshold. This paper propose
that shares only the key intercell coupling parameters gmoa novel probabilistic constrained robust transmissioatstyy
BSs iteratively via inter-BS communications, has attrdctéhat minimizes overall transmit power while satisfying QoS
the attention of researchers [2], [4], so that the individuaequirements at a set of outage levels for individual UTs in
BSs can optimize their transmission strategies indepdhydera distributed manner in the presence of CSI uncertainties to
and globally. Assuming perfect CSI at transmitters, the abandle instantaneous CSI errors. The results reveal tleat th
thors in [4] propose a decentralized iterative algorithrimgis proposed transmission strategy outperforms the desigfg in
subgradient method for sum power minimization and magnd [13] in terms of expending SINR operational range.
min signal-to-interference-plus-noise-ratio (SINR) igasvia The rest of this paper is organized as follows. Section
limited signaling among BSs in multicell networks. Howevell introduces the system model and problem formulation.
the problem in [4] is solved in a multicast manner. On thin Section lll, the original problem is first reformulated as
other hand, the acquired CSI at BSs in the multiuser netwaak probabilistic constrained optimization problem and then
is, nevertheless, limited by the channel uncertaintiesesihey transformed into semidefinite programming (SDP) form with
may contaminate the CSI at BSs. Hence, the beamformiligear matrix inequality (LMI) constraints. Then, the geale
designs based on the assumption of perfect CSI at BSs carpnablem is decomposed and solved via projected subgradient

I. INTRODUCTION



method, followed by the backhaul signaling overhead alysvector ande;;;, represents the corresponding CSI error vector.
Simulation results are analyzed in Section IV. Finally, tRec AssumingE(\sikF) =1, the SINR at UTy, is then given by
V concludes the paper.

h w.|?
Notations:w, w, W, respectively, present a scalara vec- SINR;; = = 5 [y Wi 7 5 5 3)
tor w and a matrixW. The notationg.), tr(.), Pr(.), N(.), Z ik Win|” + Z Z i Wim|” + 05,
CN(.), E(.) and].],,,, denote the complex conjugate transpose ’;jé; g]é@m“

operators, the trace operators, the probability operdhar,

real and complex Gaussian random variables, the expedfﬁ?rder to optimize the_ oye_rall transm_it power while guaran
tion value and thenn-th element of a matrix, respectively,[€€IN9 the QoS at the individual UTs in the presence of CS

W = 0 indicates thatW is a positive semidefinite matrix. errors, the following robust transmission strategy is agred

The notations vgdV) and diagw) respectively, represent min Z Z w2
the vector obtained by stacking the column vectorsVef Wik Yk ek (4)
and the diagonal matrix with vectay on its main diagonal. st SINRy > v, Vi,k,

The notationdR™*", C**™ and H"*" are used for the sets h is th q b
of n-by-m dimensional real matrices, complex matrices anyhere~;; is the requested target SINR by LT

complex Hermitian matrices, respectively. [1l. OUTAGE BASED DISTRIBUTED OPTIMIZATION
In this section, we start by introducing slack variables
{pijk}i7j7k € R to (4) to account for the coupling effects

Consider a multicell downlink network with a coordinate@meng the multicells, as
cluster of N cells. Eallc'h cell consists of a BS equipped with min Z Z Wik (5)
M antennas, transmitting t active single-antenna UTs over wix, 74,k

Il. SYSTEM MODEL AND PROBLEM FORMULATION

1eEN keK
a shared frequency band. L&f = {1,--- ,N} and K = . H
{1,---, K} denote, respectively, the set of indexes for the | (hiik +eiik> wik|?
BSs and the UTs. Let BS: € N, represent the BS in the s.t. N H ) )
i-th cell and UTy, k € K, denote thek-th UT in thei-th cell. > (hiik- + eiik) Winl® + Y puk + op,
Then, the signal received by T can be expressed as Té)’g zlééf\/
> 1k Vivk7
zie = hfiwisi+ Y hlwinsin @ = . "
nk, Dijk = Z | (hijk +eijk) Wim|?, Vi, j # i, k,
" meK
H
+ Z Z W3 Wim Sim + Nk, wherep;,;;, indicates the ICI from BSto UTj,.
j#i, meK
JeN A. Chance-constrained Optimization of problem in (4)

wheres;;, is the data Symbo| for UL, w;, € CMx*1 denotes In the SeqUEI, the Optimization prOblem in (5) is first
the associated beamforming Vecwk ~ (CN(O’ 0—7%) is the in- reformulated with Chance-ConStrained Settings, as

dependentl)_/ distributed zero-mean circularly symmejtgmc min Z Z ||Wik||2 ©6)
plex Gaussian (ZMCSCG) noise at WTandh;;, € CM*! Wik Wik S =

indicates the channel vector from B UT;;. The instanta- R H

neous channel can be modelledigs, = sz/,fhw, where the | (huk + ev:v:k) Wik |?

entries ofh;;;, are correlated, the entrieshf, are independent S.t. Pr( N H ) )

and identically distributed (i.i.d.) ZMCSCG random vaties > (hk + ek) Winl® + Y puik + o
andR;;, € CM*M js the channel covariance matrix of LT Zé? }gj\,

as seen by theth BS. Without loss of generality, it is assumed > i) > 1— pany Vi k, )
that both the BSs and UTs have the prefec:‘t knowledde;of, .

whereas only partial information &f,,, i.e.,h,,, is known due Pr ( Z | (flijk + eijk) Wim|? < qu) >1— i,
to minimum mean square error (MMSE) estimation. Let the mek

MMSE estimation error be denoted ag = h,, — h,,, then Vi, j # i, k, (8)

the true channel vectdi;;, can be modeled as ) ) .
wherep;. € (0,1) is the maximum SINR outage probability

h - jo/;fhw - Rij/,f(flw +ey) and 1 = Pik. indicates that thg individua_lll UTs is guaranteed
. o to achieve its target SINR with probability df — p;; at the
= hiji + eiji Vi, j, k, (@) |east. Let the rank-one positive semidefinite matrix be @efin

\ , . . asW,, = w;,w!l, we can expand the set of constraints (7
whereh,,, e,, € CM*! are uncorrelated and their entries are” " % ikik P (7)

ii.d. ZMCSCG random variables, i.dh,]; ~ CN(0,1) and and (8), respectively, as
[ew]: ~ CN(0,02) [7]. hyj, denotes the estimated channel Pr(tr(—B;;Ax) < © + tr(Bresirers,)) > 1 — pi,  (9)



Pr(tr(QijkAijk) <7T-— tr(Qijkeijkegk,)) >1—pi, (10) first and the second probabilistic constraints in probleB),(1
respectively, can be expressed as follows

where
_ Pr(tr _BikAiik: <O+ 14
Bit = 71 Wir — > natk, Win, (tr ) g 14)
~ H "Q’% = Pr(HDA“kveq_BZk)HU < O + 7T1)
Ay = hyre;;, +egihy;,, (11) (U < O+ m
_ Lo = r
© = UBuhuhiy) = Lz vk = o = Da.,ved—B.)]
1
Qijk:Zme)Cwimy ~ = [1+erf( O+m >] Zlfpik,
Aijk‘ = hijkegk + eijk'hgk’ (12) 2 \/§||DALLkved_sz)||
Y = piji — tr(Quyxhijrhlly).
! (Quihisibi) Pr (tr(QijrAijr) <Y +m2) (15)
In order to deal with the unknown terms that invokg,e’?, T+ 7o
H ; ; = PriU <
and €;jK€;j, We introduce slack variables;, m» € R and = |Pa,., vedQijr)|l
further assume that the summation of error variance of each Y
entry ofe;;;, lies within a hyper-spherical region with radius of _ 21+ erf T + 7y 1> 1— puk
i 2= M 112 < g2 2 V2||Da,  ved Qi) )~ o
de, 1., [leik|l” = > i, |leijr)e]® < dZ. Due to the fact that Aijk ijk

in practice, the entries af;;;, V¢, 7,k are unbounded random
variables, the constraintg;;||> < d2 naturally indicate that
the CSl errors lie within the hyper-spherical uncertairmtgion V2erf ' (1 - 2pi4) | Da ved —Bip)| <O +m,  (16)
with a certain probability. Therefore, the radius of unaty

regiond, should be carefully chosen in accordance with the 1
predefined outage probability, i.ed. is a function of p;y. V2ert (1 = 2pu)||Da;,ved Que) | < Y +mo. (A7)
Hence, the problem in (6) can be reformulated as Then we can transform the first two probabilistic constsaint
in (13) into tractable forms using the following Lemma.

which are equivalent to the following expressions, respelst

Wz‘kntnor,lw,k Z Z tr(wik) (13)

SN keK Lemma 2. The following second order cone constraint on x
S.t. Pr(tr(—BikAiZ-k) <O+ 7T1) >1— pik,
Pr(tr(QijkAijk) <T+ 72) > 1 pir,
tr(Bireinel,) > m, Vi k,
T
—tr i'ei'e'}I‘ >7T,\V/7:,' i,k’, (8 J?"‘d)]: Az +b .
(Q;k ]];7 ij) = 2 . J # |: (Al‘—'—b)T €T$+d -~ 0.
||eijk|| < de(pik)7 \V/Z,j,k’, ) .
rank(Wy) = 1, Vi, k By applying Lemma 2 to (16) and (17), the first two
ik ’ o probabilistic constraints in (13) can be reformulated asl LM
The problem in (13) is numerically intractable since thdinc forms, respectively, as

Az +b]| < eTz+d
is equivalent to the following LMI form [6]

sion of estimation uncertainties in SINR constraints retyr O+m I D “B.) ]
s V2ert- 1 (1—2p;) M2 Aiikvec( 1k)
lead to an infinite number of convex sets. In the sequel, Z;{ (B ﬂi% Otm =0,
following the similar principles as in [10], we first equieailtly vec” (—=Bit)Pa, V2ert-T(1-2p;) |
convert the first two probabilistic constraints of the peshb (18)
in (13) into more convenient forms through the following
Y47 .. ]
Lemma. Vot 1(1 gy M2 DAijkYquQljk) <0
Lemma 1. Let A € CM*M pe a Hermitian random matrix vec” (Qyjk)Da.,, Worr=cnrye il I

with each ZMCSCG element being characterized as [A]_, ~ ) (19)

CN(0,02,). Then, for any Hermitian matrix A, A € CM*M, . o _ .
However, the problem in (13) is still numerically intrackalas

tr(AA) ~ N(0, |[Davec(A)|?), terms that involves;;e/;, ande;;ief?; is unknown to the BSs.
tr(AA) = |Davec(A)||U, U ~ N(0,1), Thus, following the similar principles as in [8], we overcem

the problem of intractability via the following Lemma.
where D = diag(vec(Xa'")) and T A denotes a real-valued

Lo "
M x M matrix with each entry [Sa]et = oo Lemma 3. (Sprocedure [3]) The implication e Aje +

2R(ble) +d; <0 = e Ase + 2R(blle) + dy < 0, where
Proof. See [10]. O A, e HM*XM p, e CM,d;, e Rand e € CM*!1 holdsif and

_ ) ~onlyif there exists a x> 0 such that
By applying Lemma 1 and the cumulative distribution

function (CDF) of a standard normal distribution, i.é(u) = { Aﬁ b; } < { AI} by } )
P(U < u) = L[1 + erf(2%)], where U ~ N(0,1), the by by’ i



To apply Lemma 3, we first expand the third, fourth anthen we use direction vectord;;; and d;;; €
fifth constraints in (13) in their equivalent quadratic famof {0, 1}V ¥ ~VEX! o extract Z#L pux and pgj, from

e;;ir, ande;ji, respectively, as p, respectively, as

egkg]weiik —d? <0, . (20) mec = dI,p, Vk,
—e; Bigeyr +m <0, Vi, k, lléé./l\f (25)

" 2
7 A . 21 Piik ; kp’ j # i k.

{ €5, Qijk€ijk + m2 <0, Vi, j £ k. (21) j | )
Consequently, for any givep, we can decompose the problem

Then, we can rewrite the constraints (20) and (21) in terms i§f (23) into V' sub-problems at each BSas

LMI constraints as )
Wi Wik, pi) £ ) (W (26)
Bir + pirIns 0 <0 - / k;IC
0 -] — /Jikdg - S.t. Tik = T1k — (diikp)I(M2+1) i 0,
Wik >0, Vi, k, (22) E;, — [ Bix JFO,UikIJV[ B 70 o } 0,
_Qijk'i-,uijk:[l\l 0 - . T — HikQe
0 —Ty — ,u’ljkdz ’ Hik Z 07 Vla k
Hijk > 07 VZvj # 7:7 ka TUk = T;yk + (dg;kp)I(JV12+1) =0,
E, . — tijelnr — Quj 0 -0
where the set of auxiliary parametets, > 0 and y;, > 0 * 0 —my — pijed? | =

appear as a result of the application of Lemma 3. Finally, Wik >0, Vi, j # ik,
combining (18), (19) with (22) and relaxing the set of non-

convex rank-one constraints via standard semidefinitexela (Biphisn b )—o? 41

ation (SDR) approach, the problem in (13) can be reformdlatg. _ aet1(1ap)  IM? DAi,ikVAGO(*Bm)
as SDP form with LMI constraints, as iw ved? (—B;,)Da,, tr(B\%I;f}llik);:i;m ’
- ik
—tr(Qu by B )4
Hilonv kz Ztl’ (23) T . = \/ﬁejr:*l(]f—2jpkm) ZIMQ DAijkveC(Qijk)
Wi Z0Vik (o5 bex ijk = —tr(Qusr b, ) 4o
_ VeCH(Qijk)DA.,k - 71” L ik
ﬁerf—@;[fl% )IM2 Da,, ved—Bix) Y Vet (1-2pi)
s.t. ~2pik =0 .
ved? (=Bx)Da.,,, m - where p;, € RNEXly; i +£ i is a real-valued vector
r Bir + puixl 0 ' that contains only the local intercell coupling variables a
ik ik M . . . .
0 —m _,Uikdz ] >0, the «-th BS, i.e., Zl;ﬁ? puk, Vk and Dijks V] %< i, k.
fie > 0, Vi, k, The function f;(W Zk,pz) Yrerc M(Wig) in (26) indi-
r Tty I Dr  vedQ.. cates the dependence ¢f on p;. Since the optimal so-
ﬁzr[f;(l—mk) Mz A“"HZQ’”) 1 =0 lution w*_ is obtained as a function op, we introduce
| vec (Qik)Daik e an algorithm to iteratively coordinatep and wy, Vi, k,
[ —Qiji + paijily 0 at their globally optimal settings ofp* and w},, re-
0 —Wz—uijkdﬁ 0, spectively, to minimize the total power gonsumgtion in
piin > 0, Vi, j % i, k, the multicell network. Leth, Ay, € HO FDUXM+1)

Qig, i, € HMADXMHD and B, B € R be de-
The problem in (23) can now be optimally solved in élned as the Lagrange multipliers, then we can express
centralized fashion. In case that the rank of optimal sohsti 1€ Lagrang|an of the-th subproblem in (26) ad; =
to (23) are greater than one, a similar randomization methE tr(Wik Z tr (AixTir) Z Z tr (Aiji Tin)
to [4] can be adopted to approximate the feasible rank-ofig~ kek z;&kaezc

solution. In the next section, the problem in (23) will b tr (i Ei tr (B i — Biikfhiih.
decomposed via primal decomposition [12]. GZ: Bk Z Z i) = P skl

kek z#/z\kaK
<
Since the problem in (26) is convex, strong duality
B. Distributed Optimization of problem in (23) holds [3] and the dual function is given by;(p) =

: . _ inf L»:E()ﬁf,oﬁ,?‘ N o B ,,)+
Let the global intercell coupling variablesp € W0 ° s 0k Bl b { N @ ﬁ”k}ﬁéz,k

RN(N=DEX1 phe defined as
. > o tr(QaDdl, — > > tr(Ddg, | p,
P = |P121,P122; -, P12K, ---» PN11, ~~~upNN71K} - (29 hek ;fﬁyke,c



— . % o " « « Algorithm 1 Distributed Algorithm for Solving (4) at indi-
where = ({)\ik,aik,ﬁik}k,,{)\ijk,aijk,ﬁijk}#i k) _ Alg g 9@

vidual BSs
inf tr(Wi) — > Y tr(axEij) — Bipir —  1: Initialize: iteration indext = 0, global intercell coupling
WikZ04 ek 1£i, keK vectorp (0) € REN(N-1)x1,
leN 2: while the result of problem’ in (26) is not convergdd
/ / .
Bijntijh = Z tr(aTi) - Z Z tr(AwTie) - 3: each BS locally solves its own sub-problem (26);
hek b7, kek 4: each BS calculates its local subgradigntusing (28);

Z tr (a;E;) . Then we can write 5. each BS exchangeg via inter-BS communications;
kel 6: each BS locally calculates the global s]lébgradient based

Ty g iy on the exchanged information, gs=>"."; g;;

1 (Wi pi) = fi(pi) = £ (p) = &P @) each BS update the global intercellgéoulming vegtor

+E ({/\%afk,ﬁfk}k ; {Afjkaa%kﬁfjk}j#k) ; according to (30);

8: increment the iteration number= ¢ + 1 in (30);
where .
9: end while
gi= Y tr(gpDdl, — > (A Dd],. (28) 10: if W}, is rank-onethen
kek j#i, keK 11:  The optimalw; is the eigenvector oW?,;
JEN 12: else
It can be easily concluded from (27) that for any gi@n 13:  Apply the standard Gaussian randomization method [4]
¢5(p) > £:(p) + (P — p). (29) to approximate rank-oner;; solutions;

14: end if

Therefore,g; € R'>*N(N-1DK s the subgradient vector of
¢:(p) and f}(p;) obtained for thei-th subproblem [12].
Following the similar steps of analysis as for tivh sub- Rijk)mn = eﬂ%ﬁ[(n_m)smei]k]672[%(%@@3@“42’ m,n €
problem in (26), one can easily calculate the global subr A7], whered = \/2 is the spacing between two adjacent
gradient » _ f;(p;), obtained for the general problem inantenna elements, is the carrier wavelength; = 2° is angu-
iEN T lar offset standard deviation arigl;;, is the angle of departure
(23) at a givenp, as g = > licn 2pex WAD i = for UT;;, with respect to the broadside of the antenna of.BS
Dien qu,f >okex (A Ddy, = Z gi-Then, by sharing To account for the path loss, shadowing and fading, we scaled
J

. ) iEN L the channel vectoh, ;;, and its corresponding estimation error
the subgradient vectag; with other BSs via inter-BS com- ”krmmm)z P g

munications, each BScan compute the global subgradient ©ijk BY GaLijkoie”*2 105, whereG, = 15 dBi is array

locally and updates the global intercell coupling vegtoas ~antenna gainLi;, = 34.53 + 38log,o(¢) represents the path
loss model over a distance 6im between BSand UT;, o7

it | ag[t]T * (30) is the variar_we of the complex Ggussian fading cgefficiedt an
p = 7\/1; Hg[t] H ) os = 10 dB is log-normal shadowing standard deviation. Equal

SINR targetsvy;r, = ~ and equal SINR outage probability
where [.]T indicates the projection onto nonnegative orthang,,. = p are used for all UTs. Without loss of generality, it is
t represents the iteration index aad> 0 is the step size. further assumed that each entry of estimation esgphas the
The steps of solving the problem in (4) are summarized game variance? = o2, i.e.,[e,,]: ~ CN(0,o2). In the sequel,
Algorithm 1. Furthermore, the Algorithm 1 is guaranteed tge illustrate a connection between the radius of uncestaint
converge to the optimal solution of (4) provided a propeegion d. and the outage probability as follows. Since
selection of step size and the iteration number can be limitede;;, € C**! consists of M ZMCSCG random variables,
at the cost of sub-optimal solutions in order to reduce thghich is equivalent to2)/ real normal random variables,
signalling overhead [12]. In each iteration of our proposeik., [e;;r]: = R{[eix]¢} + S{[eijx):}, where R{[e;;r]:} =
strategy, the major information that theh BS needs to be %U, S{[eijrlt} = %U, U ~ N(0,1), then, we can write
exchanged with the othéy — 1 BSs is the subgradieny; that

contains NI non-zero real-valued entries, i.e.(Xf,.I),Vk M M
and t(\};,I),Vk,j # i. Thus, the total signaling overhead|e;;i|> = Z|[eijk]t|2 = Z(éft([e,;jk]t)Q + S([eijult)?)
among all the BSs in each iteration for Algorithm 1 is t=1 t=1
O(N?K (N — 1)), which is same as ADMM approach in [8]. M o o2 2M
=S GG U <)
V. SIMULATION RESULTS P 2 2 P

In this paper, a 3-cell cellular network is considered, veher ) _ )
2 UTs are randomly scheduled in the vicinity of the boundth€n according to the def|n|t|on213f the Cg}f of chi-square
aries in each cell. The distance between two neighborifptribution [14], the CDF of RD_i—1 U?) < S can be ex-
BSs is 500 m and each BS equips with 6 antennas. Sipressed aﬂngM(i%) = 1—p, which indicates the probability

ilar to [9], the (m,n)-th element ofR;;; is modeled as of 1 — p that a hyper-spherically bounded uncertainty region




holds f diusd. — 02¢;§M(1*P) h _ is th operational range for the observed error variance excapt fo
0lds for radiusa. = 2 » W erewxz () is the the case ob? = 0.01. This confirms the improved resilience

. . . N2M,

inverse CDF of a standard chi-square distribution Wit 5qainst instantaneous CSI uncertainties of the proposat! st
de_gr_ees of freedom. All of the system deS|g|jS in this paper gy. In the case 052 = 0.01, the proposed strategy requires
efficiently simulated and averaged via the existing SOM&X, |ess transmit power as compared with the conservative worst
CVX [11]. The results are presented in comparison with the g design in [8] for low and medium SINR requirements

relevant literature, e.g., the worst-case robust desiginag 4nq closely follows the chance-constrained design in [18] u
bounded error in [8], the chance-constrained robust desigNmedium target SINR.

against instantaneous CSI error in [13].
V. CONCLUSION

This paper proposes a probabilistic constrained robushbea
forming for minimizing the overall transmit power in mukit
1 interference networks in the presence of imperfect CSI. The
problem is constrained to SINR requirements and provides
w  robustness against the instantaneous CSI uncertaintites wi
‘ different SINR outage levels at individual UTs. We first
1 convert this numerically intractable problem to a SDP form
| with LMI constraints via Schur complement, S-procedure and
SDR technique. Then the general problem is decomposed
into a set of parallel subproblems to be solved at individual
1 BSs via subgradient iterations with a light backhaul signgl
1 overhead. Our simulation results confirm the advantages of
the proposed strategy in terms of providing larger SINR
operational range as compared to recent introduced designs
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