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ABSTRACT 2. BACKGROUND

A new robust power adjustment method is proposed for tran- . . .
b ) brop Consider a cellular wireless communication system \iith

smit beamforming in cellular communication systems that 4/ BS' i oed with e
use antenna arrays at base stations (BS’s). Our method proysers an S equippe with antenna arrays. ks
vides an improved robustness against imperfect knowledgepk’ anQC(k) be the transmit beamforr_nerwelght vector, the
of the wireless channel by means of maintaining the re- transmitted power, and the cell site index for #t user,

. . . respectively, whergw||? = 1.
d lity of S) for th t- h I . .
gzgsna?rl:gl y of service (QoS) for the worst-case channe Assuming that the weight vectosg, (k = 1,...,K)

are known (computed in advance) for each user, the goal of

power adjustment is to find al’, > 0 such that the total
1. INTRODUCTION transmitted power

Downlink beamforming and power adjustment techniques M

have been a recent focus of intensive studies in applica- p= Z P @)
tion to cellular communication systems [1]-[6]. The user m=1
signal-to-interference-plus-noise ratio (SINR) criterion has is minimized while the required QoS is guaranteed for each
been used in these papers to optimize the transmit beamuser [4]. The QoS for theth user is defined by means of its
former weights and adjust the transmitted powers to ensurereceive SINR [3], [4]

that the QoS requirements are satisfied for all users. A se- Pwh R, (k) W

rious shortcoming of these methods is that they assume the SINR;; = I : 2
exact knowl_edge of the user do_vvnllnk channel correlation o2 + Z PleHRk,c(z)Wz

(DCC) matrices. In practical situations the channel may
be uncertain and these matrices may be subject to substan- ‘
tial errors. As DCC matrices are estimated at BS arrays by Whereo; is the noise power of théth user,R;, .(;) is the
means Of up“nk Channe| measurements or through a feed_DCC matrix betWeen thkth user and the BS W|th the indeX

back from the users, such errors may be caused by chan<(), and(-)"" stands for the Hermitian transpose.

1=1; £k

nel variability, user mobility, finite data length effects, etc. The QoS requirements are satisfied for all users if
In the presence of DCC matrix errors, the QoS constraints SINR;, > i, k=1,... K ©)
can be violated. Hence, the existing transmit beamforming N

In this paper, we propose a new closed-form solution for USing (2) and the fact that the transmitted power is min-
the power adjustment problem in transmit beamforming that imized when the inequalities in (3) become equalities, the
has an improved robustness against DCC matrix estimation®Ptimal transmitted powers can be computed as 5]

errors. pi =¥ 'p, (@)
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are theK x 1 vectors of the transmitted and noise powers, strengthen the QoS constraints (11) by replacing the worst-
respectively(-)” stands for the transpose, and case user SINR by iteower bound in each of them. The
HR ; o left-hand side of (11) can be lower-bounded by

[‘I’]zd — { w; i,c(i)wi/’)/i or =79 (7)

—wl R, (yw; for i#j Py min wil (R (k) Brc(r)) Wi

B, c(k
Note that all transmitted powers must be positive and, there- K - (12)
fore, the positiveness dP, has to be checked for all = op + Z P, max WIH(Rk,c(l)“‘ E. (1)W1
1,...,K. If P, < 0 for some values ok then the under- =tk e
lying problem is infeasible and the parametetscan be
decreased to enable problem feasibility. We will make use of the following lemma. N
In practice, the DCC matriceR,; .(;, may be known Lemma 1: For any vector w, matrix R, and positive

imprecisely and, as a result, the QoS constraints (3) mayscalar 9,
become violated for some of the users. Therefore, the ro-
bustness of the transmit beamforming and downlink power
adjustment algorithms is of primary importance.

”Iél‘in wl(R+Ew = w/(R-dD)w (13)

|<dé

||I1{:1\?§5 wl(R+Ew = w(R +D)w (14)

3. ROBUST DOWNLINK POWER ADJUSTMENT where T is the identity matrix.

In the presence of DCC matrix errors, we can write Proof: Let us consider the following problems
- . H .
Rk,c(m) — Rk,c(m) + Ek,c(m) , m= 1’ L ,K (8) HlEl:n A% (R + E)W subJect to ||E|| S 6 (15)
~ H .
whereRy, () is thepresumed DCC matrix, Ry, o(,m) is its max w" (R +E)w subjectto |E[|<d (16)
actual value, andgy, .,y stands for an unknown DCC ma- _ _ o o
trix error. We assume that the Frobenius norm of each error From the linearity of the objective function (R + E)w

matrixEj, .(,n) is bounded by some known constant: with respect taE, it follows that the inequality constraint
’ [|E|| < §in (15) and (16) can be replaced by the equality
IEkcom) || < ellRe(myll = epemy, m=1,...,K (9) constraint/|E|| = §. Therefore, the solutions to (15) and

_ N ) (16) can be obtained using Lagrange multiplier method, by
Let us modify the QoS conditions (3) to incorporate robust- means of minimizing/maximizing the function
ness against DCC matrix errors. Instead of (3) (which is

formulated for the ideal error-free DCC matrix case), we L(E,\) = w/ (R +E)w — \(||E||> - §?) (17)
require the QoS conditions to be satisfied for all possible . _ _
mismatched DCC matrices. That is, for thé user we re-  Equating the gradiedL(E, \)/9E to zero and noting that

quire that [|E|| = 6, we obtain that
Pywl lflncn +Ep )W wwh
v Recty * BrewI™e 5 5, (1o) B wpp "o
2 H /D
o + PIW R ey T E N Wi . . . . . . .
g l,;;ék ¢ (B b)) Inserting the latter equation into the objective function yie-
o Ids
for all [[Eg com)ll < €pem)y, m=1,..., K
H
Note that (10) is ecjualent to theworst-case QoSconstraint wl(R+E)w = wl(RF4 mz)w
which should be satisfied for the worst-case SINR offithe [[wll
user. This constraint can be rewritten as = w/(RFD)w (19)
HR . . "
min Pk;"k (Rk,c(k)Jr Ek’c(kﬂwk > Sinced is positive,
{Ek’.C(m)}fr(z:1 9 Hiw H H
ot + Y Pwl Ryt B o) wi w(R - 6w < w (R + dD)w (20)
1=1;1#k
(112) and this proves equations (13) and (14). O
where the norms of alE;, .,y (m = 1,..., K)in (11) are Replacing the worst-case user SINR in (11) by its lower
bounded according to (9). bound (12), using Lemma 1 and the equalitigs,|| = 1
Unfortunately, the complexity of (11) does not allow (k =1,..., K), and taking into account that the total trans-

us to obtain any closed-form solution. Therefore, let us mitted power is minimized when the inequality constraints
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Fig. 2. User SINR’s and the transmitted power for the algo-
rithm (4) versusy.

Fig. 1. Simulated scenario. Positions of BS’s and users are
indicated byo andx, respectively.
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become equalities, we obtain the following robust QoS con-
straint for thekth user

USER SINR DISTRIBUTION
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Py, (Wlljf{k7c(k)wk - 8/6,6(]6))

K B =k (21) % i é 3 swr?(oa) 5 6 7 8
op + Z P(W{ Rp.c(yW1 + €p.c(t))
=17k Fig. 3. Histogram of the received user SINR's for the algo-
The solution toK linear equations in (21) is given by rithm (4). The required user SINR is equalialB.
Pt,rob = ‘I)_lpn (22)
where to be the same for each user, whereas the presumed user
~ central angles are randomly selected from the interval of
(@], . = { (WzHRiLc(i)Wi —Cicp))/vi for i=j [—3°, 3°] around the corresponding true central angles. We
b —wme(j)wj —€iejy for i#j have assumed that the required receive SINR is identical for
(23) each usersothat = v (i = 1,..., K). Also, we assume
Equation (22) is the core of the proposed robust power ad-thato? = o% (i = 1,...,K). 100 independent simula-
justment algorithm. tion runs are used to compare the performance of transmit
beamforming with the conventional and proposed power ad-
4. SSIMULATIONS justment methods (4) and (22), respectively. The algorithm
B of [3] is used to compute the transmit weight vecterg,
In our numerical simulations, we consider a cellulartime di- £ =1,..., K.
vision duplex (TDD) system with three cells and 7 cochan- Fig. 2 shows the minimal and maximal user SINR'’s as

nel users. The geometry of the simulated scenario is shownwell as the required user SINR (the latter curve corresponds
in Fig. 1. The signal attenuation is assumed to be propor- to the ideal case when there are no DCC matrix errors) of
tional tor —* wherer is the BS-user distance. Each BSis as- transmit beamforming with the conventional power adjust-
sumed to have a transmit uniform circular array of 9 omnidi- ment algorithm (4) versus. In the same figure, the to-
rectional sensors spaced half a wavelength apart. The usertal transmitted power is displayed. This figure shows that,
are assumed to be incoherently locally scattered sources [7]-because of DCC matrix errors, the minimal user SINR is
[9] with uniform angular distribution, characterized by the much lower than required by the QoS constraints (i.e., these
central angle and angular spread. To model DCC matrix er- constraints are completely violated). From Fig. 2 we also
rors, the presumed and the true angular spreads are assumeaibserve that there is no way to satisfy these constraints by
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Fig. 5. Histogram of the received user SINR’s for the algo-
rithm (22). The required user SINR is equabtdB.
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