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Abstract—The joint power control and base station assignment arises. Regarding the joint problem in the downlink we will
for downlink is considered in this paper. Based on the results and show that the sequence of base station assignment for the joint
observations of previous work we present an algorithm that finds ,,jink power control and base station assignment converges
a feasible joint base assignment and transmission power vector in . . .
the downlink. We show that under some conditions the algorithm _to a fea3|ble assignment for t_he downlink. WG_’ use the same
also minimizes the sum of downlink powers. Interestingly, there is  iterations to update the downlink power. Despite the fact that
not always a Pareto optimal power vector for the joint problem in  the downlink power update is not a standard function [2], we

the downlink as is the case in the uplink. This fact is demonstrated || prove that this algorithm converges to a feasible downlink

through a counterexample. power allocation where there exists any. We will also show
that when the thermal noise power at all receivers are equal,
. INTRODUCTION the proposed algorithm also minimizes the sum of downlink

HE OBJECTIVE of power control in wireless networks igoowers among all feasible assignments.

to minimize transmitted powers subject to maintaining the
link quality by keeping the signal-to-interference ratio (SIR) II. UPLINK POWER CONTROL
above a threshold calledinimum protection ratioThe power AND BASE STATION ASSIGNMENT
allocation and base station assignment can be integrated t

ttain hiaher itv and achieve smaller allocated power Ghe aim of power control is to minimize transmitted power
atta gher capacily and achieve smafler alocated POWELE , ot the SIR at each link (denotedIby is no less than
In a network with power control capability, as the mobile

. . ; 3 thresholdy;. That is,
move or new calls arrive, the reassignment of mobiles to base i

stations helps to find a feasible power allocation and provides I — G P > L
= > Vi, i=1,---. M
a framework for handoff. Z G;iP; + N;
In [1]-[3] the combined base station assignment and power g

allocation was proposed for uplink. In those papers, algorithms

were proposed to achieve the optimal base assignment ¥fftgre M is the number of mobiles(z;; is the link gain

power allocation such that the mobile powers are minimBgtween mobilej and basei, F; is the ith mobile power,

among all feasible assignments. In [2] it has been obsen@d Vi is the noise power at thith base station. The above

that the base station assignment in the downlink cannot g@hstraint in matrix form is given by> > DFP + u, where

done using the algorithms proposed in [1]-[3]. Based oR = [P+, Pul®, D = diag{v1/G11, -, yaa/Grun},w

the simple observation in [4] that for fixed assignment tré an element-wise positive vector whose elements are defined

feasibility of uplink and downlink are equivalent, in this@Swi = 7iVi/Gii, and

Iettgr we consider thg joint.pqwer cqntrol and base sta_tion 0 if j =

assignment for downlink. It is interesting to note that unlike [Fi; = { Gy ifj#i

the fixed assignment, in the joint problem, the uplink and ! '

downlink are substantially different. While in the uplink therdf the spectral radius aD F' is less than unity, i.eg(DF) < 1,

is a Pareto optimal solution for the power control and baskee network is feasible and the optimal solution to the power

station assignment, this is not the case for the downlink. \Wentrol problem is given by’ = [I — DF)~'u. Denote theth

will demonstrate this fact through a counterexample. Note thadse station power h¥, and the noise power at thith mobile

when there is a Pareto optimal solution the globally optimaély N;. Similar to uplink, it can be shown that i DFT) < 1,

solution is ach_ie\{ed when each user attempts to optimizellﬂi@ optimal downlink power is given bﬁ’ = [I - DFT]4,

own power while in the other case the issue of power allocatiQfhere p — [P, Pyl¥, and iy = % N;/Gy. In [4] it
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and power assignment for the uplink were proposed in [1]-[3]. Theorem 1: The downlink power update in Algorithm BUD

The power update in this case is given by converges to a feasible power allocation for the downlink.
Proof: In [3] it has been proved that for any start-

bl %Gk o VilVE ing power allocation there exists aN° > 0 such that fpr

P = arg KB, z% Gix P Gir n > N,b} = b;. Consider the positive vectorg and u

i# whose elements are defined By = (viN;)/G5; andu; =

where B; is the set of allowable base stations for tith (%Ni)/G%i' Define D = diaug{ryl/GlAb17 el ’YM/GMi,M}v

mobile. A network is feasible if there exists an assignmeghdﬁ, _ {F»}

and power allocation such that the quality constraint is satisfie ”

for each link. In [1]-[3] it has been shown that in a feasible &[0 if j =i

network, the above iteration converges to the optimal power CA {Gsz- if j # i

allocation and base station assignment, such that the mohile . . . .

power is minimal among all feasible base station assignmer%]a.rrl ”bz ]\Yer[]tZr??xv?;;tc; S(tr%rlﬁr:;fnn ff)ril;%[ghinic:;vgzgnk

P* = DFYP"! 4+ 4, where P" = [P, ---, Py]Y and

lll. DOWNLINK POWER CONTROL P =[Py, PY]T. If the spectral radius of)F is less
AND BASE STATION ASSIGNMENT than unity the above iteration converges to [B] = [/ —

In [2] it has been observed that the standard methods 07| ~14. Since p(DF) = p(DI") the optimal assignment
base station assignment and power control cannot be appleduplink is feasible for downlink as well, and the downlink
to find the optimal base station assignment in the downlinboWer iterations converge tB =[- DFT]_%_ n
because the interference reduction associated with changinggte that the thermal noise power solely depends on the
the base station assignment of one user may resultin greateiyBagwidth and noise figure of a receiver, which is the same
terference to other links [2]. In this letter, we will show throughy, 4| receivers. That isy; are the same for all base stations
a counterexample that there is no Pareto optimal solution f9ry v are the same for all mobiles. In the following we
the joint problem in the downlink. Using known results fromyj| show that thesum of base station poweis also minimal
the joint uplink problem and the downlink—uplink equivalencgmong all feasible base station assignments.
for the fixed assignment power control problem, we enhancetheorem 2:In the case that; = N and N; = N,
the joint power allocation and base station assignment by thgyqrithm BUD also minimizes; P,.
following algorithm. We let the uplink select the base station = prgof- It can be shown that the downlink and uplink

and at the same time we run one power control iteration fBbwer allocations, computed by algorithm BUD, are given

downlink using the same assignment. The algorithm steps at », R L Moo (PRI
the nth iteration are as follows. by P = N X352, (DF)*D1, and P = N Y32, (DF")" D1,

Algorithm BUD: respectively, wherd is the all one vector. Here we used the

_ , _ fact thaté = ND1 andu = ND1. The sum of mobile powers
1) (B) The base station assignment, denotedhys found (uplink) is given by

to minimize the uplink power: -
1"P =N > 1"(DF)*D1 (4)
(1) k=0
and the sum of base station powers (downlink) is given by

B YiGik pn | VidNk
2 e T
J7F

2) r(;Je)ntT?;: uplink power is updated based on the assign- 1Tfa _ W i 1T(DFT)’“D1. )
pi"+1 = %C?jb? PP+ Z;M (2) Since the sum of basek—s:ation powers is a scaler, we can
P L transpose the right-hand side of the above equation, i.e.,
3) gzélgzgéj:t\(l\ll);l)lnk power is updated based on the same Th_ (fJ)Tl N :0 VDY
Pt = > % Pr+ g: 3 = % N ;i 17(DF)*D1 = %ﬁfﬂ. (6)

Based on the fact that the power update for uplink is a standdrde optimal base station assignment and power control
function, it has been shown ([2]) that the first two steps @fchieves the minimal power vector among all feasible
the above algorithm converge to the optimal solution. Thessignments, and the sum of uplink and downlink powers
downlink power update is not a standard function, and ase the same up to a constant. Therefore, the sum of powers
a result the convergence of the algorithm cannot be shofar downlink is also minimal among all feasible assignmeénts.
using the method in [2]. However, using the simple fact that In the following we show that, in general, there is no
the same assignment is used in the uplink and downlink @intwise optimal solution to the joint power control and
each iteration, we will prove the following. base station assignment in the downlink. Consider a downlink
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where /3 = ’)/N/(]. - ’72G13G21/(G11G23))- In this case

oW M2 oL, W % since mo is closer to its qssigned base stati@r,; < Gos
By B By Bs and Gi3 > Gay, i.e., P§? < P{*. Also if the location of Bz
@ ®) is close enough ten, such thatGis/Gas > G12/Gaa, then

P} < P{*. Thatis, by changing the assignment from Fig. 1(a)
to (b), P, is increased whileP; is decreased, which leads
us to this conclusion that in general there is no assignment

network of two mobiles and three base stations as iIIustrattehcil5 tigr:r':'ergées all base station powers among all feasible

in Fig. 1. We consider two assignments of base stations B
mobiles. In the first assignmefit;), m; is assigned taB;
andms is assigned td3,. In the second assignmefity) m; V. CONCLUSION

is assigned taB, andm, is assigned taBs. Let the noise \y. | 0 grassed the differences of joint power control

power at all mobiles béV and the SNR threshold be The . : . : .
. : . . . .. .and base station assignment in uplink and downlink. We have
minimum power allocation which satisfies the link quality is . : . -
shown that there is no Pareto optimal solution for joint problem

Fig. 1. Feasible assignments for uplink; base stations are shown &yd
mobiles are shown by.

iven b ; : .
9 y in downlink. Therefore, we have proposed an algorithm that
par — 7G12 n 1 finds a feasible solution for the joint problem when there exists
1 G11Goo  G11 any. Moreover, we have proved tht in the case that the thermal
and noise power is the same for all receivers, the solution is also
+G 1 optimal in terms of the sum of base station powers.
Py —ao( g+ o)
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