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Abstract
In this work, we deal with resource allocation in the dowkliof spatial multiplexing MIMO-

OFDMA systems. In particular, we concentrate on the probdérjointly optimizing the transmit and
receive processing matrices, the channel assignment angdbver allocation with the objective of
minimizing the total power consumption while satisfyingfelient quality-of-service requirements. A
layered architecture is used in which users are first pamttl in different groups on the basis of their
channel quality and then channel assignment and transadgign are sequentially addressed starting
from the group of users with most adverse channel conditibhe multi-user interference among users
belonging to different groups is removed at the base staiging a Tomlinson-Harashima pre-coder
operating at user level. Numerical results are used to iglghthe effectiveness of the proposed solution

and to make comparisons with existing alternatives.
|. INTRODUCTION

Dynamic resource allocation in multiple-input multipletput (MIMO) systems based on orthogo-
nal frequency-division multiple-access (OFDMA) techrgyés has gained considerable research interest
[1]. In most cases, subcarriers are assigned to the actes irs an exclusive manner without taking
advantage of the multi-user diversity offered by the spat@main. A possible solution to exploit the
spatial dimension is to make use of space-division mukgaeess (SDMA) schemes, which allow the
simultaneous transmission of different users over the stetgpiency band. The main impairment of
SDMA is represented by multiple-access interference (M )downlink transmissions, MAI mitigation
can only be accomplished at the BS using pre-filtering tepies. The most common approach for
interference mitigation is zero-forcing (ZF) linear beanmiing, which relies on the idea gfe-inverting
the channel matrix at the transmitter. Another approaclepgeasented by the block-diagonalization ZF

(BD-ZF) scheme originally proposed ifl[2]. Particular atten has been also devoted to dirty paper
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coding (DPC) technique$][3] even though their implemeaiats still much open. A possible solution
in this direction is represented by Tomlinson-Harashimecpding (THP), which can be seen as a one
dimensional DPC techniquél[4] and has been widely used indtvenlink of single-user and muilti-
user MIMO systems_|5]£]8]. In combination with pre-filteginanother way to deal with interference in
SDMA-OFDMA systems is user partitioning, which basicallgnsists in properly selecting the set of
users transmitting on the same subcarriers. As illustrate¥], a common approach is to first group
together users whose channels have low spatial crossat@reand then to assign the subcarriers to
the various groups. I [10], the authors follow a complet@ifferent approach in which the users are
first divided into groups such that the spatial cross-catimhs among users in different groups is low
as much as possible and then subcarriers are sequentisigynad within each group.

From the above discussion, it follows that the use of SDMAesads in MIMO-OFDMA systems
makes the problem of resource allocation more challenging aequires the joint optimization cd)
channel assignment and user partitioniy; power allocation over all active links;) transmit and
receive filters. To the best of our knowledge, there existy anfew works dealing with all the above
problems together. I [11], the authors employ BD-ZF andraage dual decomposition to derive a
resource allocation scheme for minimizing the power congion when individual user rate constraints
are imposed. The main drawback of this approach is that aaustive search is required to find the
best user allocation on each subchannel. A reduced compkesiution is illustrated in[[12], in which
a two-step procedure is adopted to decouple BD-ZF beamifigrfinom subcarrier and power allocation.
Although simpler than[[11], it still requires an exhaustsearch over a subset of users. [n][13], the
author exploits a layered architecture in which a user fi@mthg technique (resembling that discussed in
[1Q]) is first used in conjunction with BD-ZF to partially reawe multiuser interference and then carrier
assignment is performed jointly with transceiver desigimgis linear programming (LP) formulation of
the allocation probleni[14].

In this work, we return to the layered architecture investeg in [13] and extend it in several
directions. First, we reformulate the power minimizatiomhdem assuming that the quality-of-service
(QoS) constraint of each user is given as a sum of the meaares@urors (MSES) over all subcarriers
rather than on the sum of the achievable rates. Secondcéi@asdesign is carried out employing a non-
linear THP precoder operating aser levelat the transmitter. Third, the choice of the user partitigni
strategy is motivated by its combination with the THP prangdechnique. This allows us to completely
remove the multiuser interference (rather than partigipoving it) and to make use of a close-to-optimal

partitioning strategy. All this leads to a resource allamatscheme of affordable complexity, which is



shown by means of numerical results to outperform the soiypresented in [13].
[I. PROBLEM DESCRIPTION

We considg the downlink of an OFDMA network in which a total oV subcarriers is used to
communicate withk” MTs, each equipped wittvz > 2 antenn% The BS is endowed witiNy > Np
transmit antennas. We denote sy, the Np-dimensional vector collecting the data transmitted ta ése
on subcarrier, and bya,, ;, € {0,1} the binary allocation variable, which is equal to one if dudnmneln
is assigned to usdrand zero otherwise. The goal of this work is to minimize thaltpower consumption

given by

N K
Pr= Z ZE {sH sni} 1)

n=1k=1
while satisfying user QoS requirements given as a functiadhesum of the MSEs over all their assigned

subcarriers. To be more specific, the expression forktheuser constraint is

N L
n=1 /=1

whereL denotes the number of streams transmitted to:theuser over thexith subcarrier andISE,, ;.(¢)
denotes its corresponding MSE. The quantitigs > 0 are design parameters that specify different
QoS requirements for each user. We assume that a maximumenwhty = | Ny /Ngr| users can be
simultaneously allocated over each subcarrier, so thatS i, a,,, < Q for each channet. To avoid
the trivial solution where a user with no allocated subearconsumes no power and has a zero MSE,

we require that at least, subcarriers are assigned to each user so thatﬁk1 an i > N Vk.

[1l. M ULTI-USER INTERFERENCE ELIMINATION AND USER PARTITIONING

Unfortunately, solving the optimization problem descdtabove requires an exhaustive search over all
possible subcarrier allocations. Moreover, it needs diegdint optimization of the transmit and receive
processing matrices for each allocation. All this makesdmplexity extremely large for any practical
scenario. To address this issue, we follow the approach@jfdthd [13], in which the population ok

users is partitioned int) different subsetdS™", @ ... S@7}. This allows us to break the original

"We useA = blkdiag {A1, A2, ..., Ax} to represent a block diagonal matrix wheres' andtr { A} denote the inverse
and trace of a square matrix. We denotel x the identity matrix of order” while we useFE {-} for expectation,|-|| for the
Euclidean norm of the enclosed vector and the superstript and ¥ for complex conjugation, transposition and Hermitian
transposition. The notatiopy], , indicates the k, £)th entry of the enclosed matrix.

2The results can be easily extended to a more versatile syistevhich a different number of services is required by each

MT. In this case,K would simply denote the total number of services.



problem into a sequence @ lower-complexity optimization sub-problems, each assigrall radio
resources to a subset of users. Users within the same sulesgtiasmitted on orthogonal subcarriers
and do not interfere with each other. Channels allocatigreiformed sequentially starting from sgt).
From the above discussion, it follows that, after theallocation sub-problems are solved, there will
be ) users assigned to each subcarrier. Without loss of getyerake focus on subcarrien. Let us
denote bykC, the set of users assignedstoand by, (i) the user inS(*) associated to subcarrier To
simplify the notation, in the following derivations the iexksy., (i) will be relabelled according to the
map ., (i) — i. The signakx,, , € CN=x1 received at thetth MT over thenth subcarrier can be thus

written as
Q

Xn,k = Hn,k Z Sn,i + Wn.k (3)
=1

wherew,, ,, € CNex1l is a Gaussian vector with zero-mean and covariance matiy;,, and H, €
CNrxNr s the channel matrix over theth subcarrier. From{3), it follows that the interferencerte

is given by two different contributions, nameli,, ;. Zf;ll sp,i and H,, ZzQ:k+1 Spi. The first term
represents the interference caused by the active useesipledlocated before theth assignment sub-
problem has been solved (i.e., users belonging to Sétswith indexesi < k), while the second term
accounts for the users with indexées- & (i.e., users which have been allocated after udein [13], a
BD-ZF scheme is employed to remove the first term while th@sgone is treated as Gaussian noise.

In the sequel, a THP technique operating at user level is tcseeimove both terms.

A. Multi-user interference elimination

The L < |Np/Q] symbols transmitted to théth user over thenth subcarrier are denoted by
{d,x(0); £=1,2,...,L}. They belong to an\/-ary quadrature-amplitude modulation (QAM) alphabet
with varianceo? = 2(M —1)/3 and are stacked in the-dimensional vectod,, ;.. As depicted in Figl]1,

dT

n,27 "

the Q L-dimensional data vectat,, = [d”

n,1’

..,d] 5] is pre-coded in a recursive fashion using a
strictly blocklower triangular matrixB,, € C?L*%L and a non-linear operatdfOD () that constrains
the entries ofb,; € CE*! into the square regiom = {z(V + jz(D|2z(FB) () ¢ (—/ M,/ M]}.
Denoting by [B,];, € CX*L the (i,/)th block of B,, we have that,;, € C**' can be iteratively
computed as [4] -

bn,i = dn,i - Z [Bn]i,g bn,é + Sn,i i = 17 27 s >Q (4)
(=1

where [B,]; , € CE*Lis the (i,0)th block of B, ¢, is defined ass,; = 2V M¢, ; and¢, ; =

[€0i(1),€0i(2), -, Eni(D)]T with &, (¢) complex-valued quantity, whose real and imaginary paes ar



suitable integers that reduds ;(¢) to X. The above equation indicates that the modulo operator is
equivalent to adding a vectat, to the input datal,,. This produces thenodifieddata vectow,, = d,, +
sn=1[vl 1, vl ,....,vI )" from whichb, is obtained as followd,, = C,,'v,, whereC,, € C*<*?~

is a blockunit-diagonaland lower triangular matrix given b¢,, = B,, + I¢. The pre-coded vectors
b, ; € CL*! are then linearly processed through fheward transmit matriced’, ; € CNr*L to produce

Sn,i = Fp by The vectorss, ; forn =1,2,...,N andi =1,2,...,Q are finally fed to the OFDMA
modulator and transmitted over the channel using/¥heantennas of the BS array. As depicted in Fig.
[2, at the MT the incoming waveforms are implicitly combinedthe receive antennas and passed to an
OFDMA demodulator whose outputs take the form[ih (3) véth = F,, ;b,, ;. The complete elimination

of H,, Z?:kﬂ F, b, ; at the transmitter can be achieved by constraifing; to lie in the null space

of H,, = [H] |, H],,...,HI _]7. Accordingly, this amounts to lettind,, . have the following
structure
0

where U,,;, € CWNr=(k=DNrIxL g an arbitrary matrix andfg) € CNrx[INt=(k=1)N=rl s a matrix
whose columns form a basis for timeill spaceof H,, ;, obtained from its singular value decomposition
(SVD). SettingF,, 5, as in [B) into [(B) and stacking the received signals of alrsig®o a single vector

Xp = [x]1x} 5 x] o]", we may write
x, = T,b, + w, (6)

wherew,, = [w? |, wl,,...,w’ o] andT, € C"=“*?"is a block lower triangular matrix with blocks
[T, € CN**" given by [T,],; = HMVS)UM for k > i. We are now left with the problem of

removing the interference teri,, ;, Zf:‘f vV U,,;b,.; in @). To this end, we decompo&g, in (6)

H,
asT, = D, L, whereD,, = blkdiag{[T.]; ;,[Tn]s:---, [Tnlg o} andL, is a block unit-diagonal
and lower triangular matrix with
-1
[Ln]k,z’ = [Tn]fk ([Tn]kk[Tn]ka) [Tn]m (7)

for k& > i. SubstitutingT,, = D,,L,, into (@) and recalling thab,, = C;,'v,, yieldsx,, = D, L,,C 'v,, +
w,, from which settingC,, = L,,, we obtainx,, = D,,v,, + w,,. Recalling thatD,, has a block-diagonal
structure with blocks given bYTn]M = HMV%)) kUn,k- it follows that the multi-user MIMO system

has been decoupled int#,,| parallel single-user MIMO links given by

/
Xn,k = HnJgUn,kVn,k + Wn,k (8)



each of which represented by tleguivalentchannel transfer matrifl; , = HMV%)) . This means
) n,k

that each user may operate in its corresponding link indégetty without affecting the other active

users. Henceforth, we denote B/, = QHkA}fk §}> the SVD ofH;, ;. As mentioned before, the

vectors{x, ; } are processed by thieh mobile terminal for data recovery.

B. User partitioning

As mentioned above, MAI mitigation in SDMA-OFDMA systemsascomplished not only by pre-
coding the users’ data but also by partitioning the usersdymamically assigning the radio channels.
Unfortunately, optimal grouping is a problem of combin&bromplexity whose solution can only be
found through an exhaustive search. To overcome this prgbée heuristic approach widely used in
the literature is to partition users on the basis of theircepeross-correlations (see for example [9]).
Although reasonable, this approach has still a large coxitplas it requires the calculation of the cross-
correlations among all users in the system over all avalablannels. Alternatively, in this work we
exploit the fact that THP can be viewed as the transmit copate of the vertical Bell Labs layered
space-time (V-BLAST) architecture and thus we order thesusecording to their channel qualities as
as originally proposed ir [15] and later extended to THP_i§].[1n our context, the channel quality of

the kth user is measured by the following quantity:

1 N N L
k)zﬁz_:ltr( o H, L) :NZ; 9)

where{\y, ,(¢)} denote the eigenvalues Hn’k nk- The above quantities are used to partition users
according to avorst-firstcriterion. In doing so, the users with the most attenuatexhohls are allocated
in setS™) whereas the users with the best channels are groupstin This choice is motivated by the
fact that the null-space projection inl (5) progressivelyuees the available spatial diversity as the group
index tends taQ and the number of rows cflmk increases up t¢Q — 1) Ni. Therefore, since power
consumption is in general dominated by users with the wdnanoel conditions, we give those users
higher priority by placing them in se&(!). Observe that the MAI arising among users (in different)sets
allocated on the same subcarriers is mitigated jointly byPTathd dynamic channel assignment. With the
objective of minimizing the overall required power, chahassignment will automatically couple users
that tend to not interfere with each other. It is worth obgegvhat the same ordering strategy is used
in [13] following a different line of reasoning.
IV. LINEAR PROGRAMMING SUBCARRIER ASSIGNMENT
Without loss of generality, we focus on the resource aliocaproblem over thei'/@Q users within

the setS(?). For notational convenience, we denoteady and U@ the vector and the matrix obtained



stacking the allocation variables and the precoding mestriaf the users i@, respectively. As before,
the user indexeg:, (i) will be relabelled according to the map,(i) < i. To make the problem
mathematically tractable, we assume also that the precsydabolsb,, ;, are statistically independent and
with the same power of user d tae.,E{bnkbﬁk} = 021, In these circumstances, usifg (5) it follows
that the power required by the BS to transmit the signal is given byE{s,, xs/,} = ojtr{U], U, 1}

The optimization problem can be thus mathematically foatad as:

N
min Z Z ap itr {U;’ijn,k} (20)
U@,al@ n=1 keSS ’
N L N
subject to Zan,k ZMSEnvk(ﬁ) <y k€ S and Zanvk >n, keSW (1d.1)
n=1 (=1 n=1

which is a mixed-integer non-linear problem and thus notvegrand very difficult to solve. A possible
way out is to decouple the power allocation and subcarrigigament problems. This can be achieved
by assigning:;, subcarriers to théth user and designing the processing matrices such thaolbeving

constraint is satisfied

L
Y MSE,(0) < 2. (11)
=1 "k

In this framework, the power is no longer an optimizationiatle but simply the cost of using;

subcarriers[[17]. In particular, the costy, of using subcarrier. for userk 5@ can be computed as

L
. : Tk
1({1}151’c tr {ngUmk} subject to ;MSEH,R(@ < - (12)
Once the solution of (12) is obtainef, [10) can be recast asarlinteger programming (LIP) problem:
N
min > D ankens 13)
n=1keS@
N
subject to Zan,k =n, keS9 and Z anr <1 Vn
n=1 keS(@)

where the objective function and the constraints are lineafa,, ,}. In general, the solution of LIP
problems can be found either performing an exhaustive bearcelaxing the integrality condition on the
allocation variable. In this particular case, the chanssignment in[{113) has the advantage that can be
modelled as aninimum cost flowproblem and as such it is possible to show that the solutidairdd

by relaxing the integral condition is the optimiategral solution, so that very efficient solvers can be

employed with no performance degradation! [17].

3Although not rigorously true, this assumption is reasoadbt large M —QAM constellations with sizé/ > 16 [4].



A. Receiver design
To keep the complexity of the MTs at a tolerable level, we mssthat a linear receiver is used for

data recovery. As depicted in Fig. 2, vectar;, in (@) is first processed b, ;. € CL*N= to obtain
Ynk = Gn,kH;L7kUn,kVn,k + Gn,kwn,k (14)

and then passed to the same modulo operator employed aatiwnitter so as to remove the effect of
Snk- The outputz, , = [z, 1(1), 2,%(2), . .. ,znvk(L)]T is finally fed to a threshold unit which delivers
an estimate ofl,, ;. From [13), it follows that the received samples dependgn, andU,, ;.. The latter

must be designed so as to mitigate co-channel interferehde gatisfying the QoS constraints. For this
purpose, we adopt a ZF approach in which multi-stream ieterice is completely eliminated and the
remaining degrees of freedom are exploited to minimize thego consumption under the constraint on

the MSEs. The complete elimination of the multi-streamriigieence implies that
G H), U =11 (15)

In these circumstances, the outpyt, (¢) from the modulo operator takes the f@rrmk(é) =dy, 1 (0)+
n,k(¢) and its corresponding MSE results given BSE,, ;. (¢) = Uz[Gn,ngk]Z,é- It can be shown
that the optimalG,, ;, satisfying [1b) and minimizing eachISE,, ;(¢) is the minimum norm solution
of (I5) [18]. The latter is found to b&,, , = (U, H/', H! U, ;)~'UY H/, from which it follows
that MSE,, (¢) = o?[(UX H., H, , Uy ) ']¢.. We now proceed with the design of the matfi, .,

which requires to solve the following problem:

L
" —1
min  tr {ngUn,k} subject to 202 [(ngH; WH, kUn,k> } < Tk (16)
{U”wk‘} ’ /=1 ’ ' ’ Z,Z Nk
The solution can be computed as follows.
Proposition 1: The optimalU,, ;, in (18) takes the form
Ui =V A2 S, (17)

wherevg) is obtained from the SVD o/, ,, Ay, , is diagonal and,, , € CL** is a suitable unitary

’
n,k

matrix such thatMSE,, ,(¢) = ¢ for £ =1,2,..., L with ¢, = %Z—’; In addition, the diagonal elements

0-2
A (0) = Jomp—T— £=1,2,... L 18
Un,k() v ’kAH;k(E) ( )

“In writing 2, & (£) = dn () + nn1(£), we have neglected for simplicity the modulo-folding effen the thermal noise.

of Ay, , are given by

Although not rigorous, this assumption is quite reason&tbitemoderate values of signal-to-noise ratios (see for @tarthe
book of Robert F. H. Fishef[4] for a complete treatment of shibject).



. L 2 ”
wherev,, ;. is such thaty_,., W =L,
Proof: The proof is omitted for space limitations but it can be dedi using the results illustrated in
[19] since the sum of the MSEs is a Schur-convex function. [

Using the results of Proposition 1, the cegt, in (I3) is eventually given by

L
ok =Y Au,,(0) (19)
/=1

with Ay, , (¢) computed as in (18).
B. Complexity analysis

All the operations required by the proposed solution aremsarized in Algorithn Il whose computa-
tional load can be assessed in terms of the number of reqflieihg point operations (flops) as follqg\/s
Observe that computing the quantities(k)} requiresO(N K Ny Ng) flops whereas computing the power
costc, ;. according to[(I9) basically requires first to evaluate thédSWf H,, ;. for k = 1,2,..., K/Q
andn = 1,2,...,N and then those OHZ,k in @ for k = 1,2,...,K andn = 1,2,...,N. The
total number of flops required for these two operations aransarized in the second and third row
of Table I. In writing these figures, we have taken into acc¢adimat evaluating the SVDs oH;hk
requiresO(Q/2(Q — 1)Nr N3 + QNgN?) flops in total sinceD(QNzN#) flops are needed to compute
H , = anvgi . whereasO(Q/2(Q — 1)NrN2) flops are required for the SVD. Summing all the
above terms it tur’ns out that the overall complexity for comtitgy all costs{c,, 1.} is approximately given
by O(NKQNgrNZ). The complexity of solving[(13) is an open research issue [atest results (see
for example[[20] references therein) place the compleXitihe assignment problem in a range between
O (k*) andO (k%) with x being the total number of nodes. In our case, the number @siscthe sum of
the number of users per single allocation problem plus timebax of subcarriers, i.es,= N+ K/Q. Since
we have(Q) distinct subproblems to solve, the overall complexity @& tHP optimization is approximately
given by O (Q(N + K/Q)*°) flops. The computation dB,, = C,, — I in @) with C,, = L,, can be
assessed as follows. Evaluating edchy,, ; in (@) requiresO((N3+4LN2)) flops. Since the total number
of matrices[Ly]; ; is Q/2(Q — 1), it follows that O(NQ/2(Q — 1)(N}, + 4LN3)) flops are required
to obtain all matrice§C,,} and thus all{B,}. The computational load for obtainingf,, » }, {G x }
and{U,;} can be reasonably neglected as it basically require to mether all the unitary matrices

computed above with SVDs. The processing requirements efptbposed two-layer architecture are

®In doing so, we make use of the following resulijsthe multiplication of A € C™*™ and B € C™"*? requiresO(2mnp)

flops; i) evaluating the SVD ofA € C™*™ needsO(mn?) flops; iii) the inverse ofA € C™*" requiresO(n?) flops.
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summarized in Table | from which it follows that the overallmber of flops is approximately given
by O (Q(N + K/Q)*5 + NKQNrNZ + NQ?N3). The latter is comparable to the computational load
required by the scheme illustrated [n [13] as it is dominatgdhe computational burden required by
the LP approach, especially when the number of subcarmdasively large. However, as shown in the
sequel, the proposed solution provides much better pediocenin terms of power reduction with respect
to [13] thanks to the underlying THP scheme.

V. NUMERICAL RESULTS

We consider a system witli uniformly distributed users in a cell of radiu8 = 100 m. The
propagation channel is static, frequency-selective andefted as a Rayleigh fading process with an
exponentially decaying power delay profile. The path logsoeent is5 = 4. Unless noted differently,
the number of users i& = 16.

We compare the proposed architecture, denoted by THP Tx Rkjrwith three other algorithmsi) a
ZF linear beam-former, denoted as ZF Bxa THP scheme, denoted as THP Tx (see for exarhple [6]), and
c) the architecture proposed in [13] that employs linear essing at both the transmitter and the receiver
(Lin Tx - Lin Rx). In details, lettingH,, = [H] , H], ---H] ,]” andF,, = [F,1 F,,5 ---Fp, o]", the
precoding matrix for ZF Tx isF,, = HY(H,H)~!. The THP Tx architecture is realized by setting
F, = Q, and C,, = R 7 with Q, and R, being computed as the QR decompositH{, i.e.,
H,I}’ = Q,R,,. Both ZF Tx and THP Tx schemes are designed to remove thedtresam and inter-user
interference at the transmitter so that the receive filtégjs, = Ir.

We consider three different scenarios, summarised in THpl&hich are designed to observe the
behaviour of the proposed algorithms when the total numlbeavailable channels per user is fixed
and frequency channels are progressively replaced bynséréa the spatial domain. More in details,
the first scenario, referred to &), is a2 x 1 MIMO system with a bandwidti?V() = 10 MHz
and N() = 64 orthogonal subchannels. The bandwidth of Scen&ffd is W) = 5 MHz, spanning
N@ = 32 subchannels with & x 2 MIMO configuration. Scenari®) transmits over a bandwidth
W®) =25 MHz with N® = 16 subchannels and employsSa< 4 configuration. For each scenario we
assume that the number of allocated subcarrieréf?s: N x Q/K and the total number of channels
per user iSn,(f)L(") =8(@(=1,...,3; k=1,...,K) regardless of the scenario considered.

Figs.[3 {5 report the total transmit power for the three sdesas a function of the average target
MSE p per data stream. By design, for a given valueppthe overall MSE iSy,(:) =8 (i=1,...,3;
k=1,...,K). Results show that the gains obtained thanks to the impi&tien of non-linear processing

progressively increase from scenafit!) to S, as the spatial dimension becomes more important.
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In particular, Fig[B shows that, with 22x 1 configuration and 64 channels, all the schemes, except
ZF Tx, tend to have similar performance. The effect of resewllocation is predominant and the users
transmitting on the same channel are sufficiently sepanatgardless of the specific architecture.

As the number of orthogonal frequency channels is redu¢edcdonsequent diminution in frequency
diversity is only partially compensated by the larger nunmdfeantennas: in facts, even if the total number
of channels is the same, the spatial streams tend to be moedatded. In this case, the choice of the
transceiver architecture plays a very important role siclcannel allocation alone is not able to fully
exploit all the diversity of the the system. The results fgldtin Fig.[4 show that the THP-based schemes
largely outperform all other solutions.

The same trend appears in Hig. 5, where THP Tx - Lin Rx effebtiexploits the spatial diversity
provided by the multiple antennas. Scena$id) requires less power when compareds@’ and S©)
as it occupies a larger bandwidth. In scena®d and S©), the proposed scheme takes advantage of
the increased spatial dimension to transmit the same anudw#ta employing a comparable amount of
power and occupying only a fraction of the bandwidth.

Fig.[8 shows the total transmit power for an average targeE MS- 0.25 as a function ofk for S()
and S®). For ease of representation, only the results of THP Tx, bin Tin Rx and THP Tx - Lin Rx
are reported. As before, the parameters are set so that thbemwf data stream per user is the same
(regardless of the specific scenario). An accurate inspedt the results shows that for scenafig),
the performance of the three algorithms tend to be very dies&” > 16, when the resource allocation
algorithm is able to fully exploit both multi-user and freepcy diversity. The situation is remarkably
different for scenarics®) where it appears that resource allocation alone is not g&iffitco completely
deal with MALL. In fact, all multiuser diversity is already pbited for X' = 8 and further increase of the
number of users produce only marginal improvements. Indhge, the THP Tx - LIN Rx configuration

outperforms the other two schemes thanks to its capabdityancel the MAL.
VI. CONCLUSIONS

We have derived a resource allocation scheme for the dokwolirSDMA-MIMO-OFDMA systems.
The proposed solution relies on a layered architecture iictwiAl is first removed by means of a THP
technigue operating at user level and then channel assigrand transceiver design are jointly addressed
using a ZF-based linear programming approach that aims @itmiging the power consumption while
satisfying specific QoS requirements given as the sum of tB&dover the assigned subcarriers. The
proposed approach outperforms the existing solutiongaslly when the frequency diversity is small

and the number of spatial modes is large.
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TABLE |
COMPUTATIONAL LOAD
H Operation ‘ Flops H
Computing quantitiegr(k)} O(NKNrNg)

Evaluating the SVD of,, ;

0(Q/2(Q — 1)NrN})

Evaluating the SVD offl,, , | O(Q/2(Q — 1)Nr N + QNrN7)

Solving the LP problem ir[{13 O (Q(N + K/Q)*?)

Computing all matrice§B,} | O(NQ/2(Q —1)(N} +4LNE))

Nr



Algorithm 1 Proposed two-layer architecture

1: for userk = 1 to K do

N
2: Computer (k) = % >tr (kaan)
n=1

3: end for

4: Sort users according to(k) and group them irQ sets{SM, ... S@1}.
5: for groupi =1 to @ do

6:  for userk =1 to |S™| do

7: for subcarriern = 1 to N do

8: Compute the power cost, , according to[(19).
9: end for

10: end for

11 Solve the resource allocation problem in](13).
12: for subcarriern =1 to N do

13: ComputeB,, = C,, —I1q.

14: end for

15:  for userk =1 to |S)| do

16: for subcarriern =1 to N do
17: Compute{F,, x, Gn.r, Up i}
18: end for
19: end for
20: end for
TABLE 1l
SIMULATION SCENARIOS
H EREERERN
MIMO configuration 2x1|4x2 | 8x4
bandwidthiw ) (MHz) 10 5 2.5
# subcarriersN 64 32 16
# streams per subcarrier per ugef’ 1 2 4
# subcarriers per uset,(j) 8 4 2
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