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ABSTRACT Panel-based large intelligent surface (LIS) systems, where each panel comprises a lower, but
significant, number of antennas, and is equipped with several baseband outputs (generally much smaller
than the number of terminals), allow for a direct dimensionality reduction. However, such dimensionality
reduction may not be enough to simplify the overall system. This paper focuses on fully decentralized system
architectures that allow for promising performances while requiring low, or even no, central data processing.
This paper proposes panel-selection and panel-terminal association algorithms for decentralized panel-based
LIS communication systems aiming at allocating a set of terminals to a given panel, which is limited to
a given number of outputs, in a sequential or flooding manner, while maximising the minimum terminal
rate. Performance results show that sequential and flooding distributed system architectures offer decent
convergence rates in comparison with a centralized system architectures when selecting a proper combination
of system parameters (number of panels, number of terminals, number of baseband outputs), in turn ensuring
scalability. It is shown that, for a given combination of the system parameters, a max-min terminal rate
achieved when considering sequential and flooding distributed system architectures can converge to the one
achieved by the centralized system architecture, occurring after just a few iterations. Both the proposed
sequential and flooding algorithms represent a less complex, but effective way to perform both panel selection
and panel-terminal association, allowing for the deactivation of a significant portion of panels without
substantially degrading the max-min terminal rate achieved by the centralized system architecture.

INDEX TERMS Large Intelligent surfaces, massive MIMO, spatial resource allocation, sequential optimisa-
tion, flooding optimisation, massive MIMO.

I. INTRODUCTION
Panel-based large intelligent surface (LIS) systems, where
each panel comprises a lower, but still significant, number of
antennas, and is equipped with a number of baseband outputs
(generally much smaller than the number of terminals), allows
for a direct dimensionality reduction.

Panel-based LIS systems envision hierarchical process-
ing [1], with each panel (e.g., construed as local processing
unit (LPU) or an LPU in communication with each panel) pro-
viding its respective output to a central processing unit (CPU)

that combines it with outputs from other panels. However, as
the number of antennas grows, implementation of centralized
system architectures (e.g., addressed in [2], [3]) may become
more challenging and such a dimensionality reduction may
not be enough to simplify the overall system. As an exam-
ple, the inter-connection bandwidths to/from the CPU may be
limiting factor.

Hence, it may be desirable to have less amount of data to
be collected by an CPU for baseband processing. Therefore, it
is crucial to design algorithms for fully decentralized system
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architectures that allow for promising performances while re-
quiring low, or even no, central data processing.

Decentralized system architectures have been explored in
the context of massive multiple-input multiple-output (m-
MIMO) [4], [5], [6], [7], LIS [8], [9], [10], [11], cell-free [12],
[13], [14], [15], [16], [17] and radio stripes [18], [19], [20],
[21], [22] based systems, focusing on the development of
uplink detection algorithms based on zero forcing (ZF) as well
as variants of maximum ratio combining (MRC) (or matched
filtering (MF)) for interference suppression purposes. In
particular, [8] proposes a fully decentralized algorithm for
constructing an approximate ZF equalizer for an LIS. Authors
in [8] introduce an iterative message-passing algorithm that
involves repeated exchanges of a specific measure between
each antenna of a grid of antennas and its neighbouring an-
tennas, with the message routing carefully designed to avoid
redundancy. Specifically, as this measure propagates across
the entire grid of antennas, it gradually loses influence on
interference cancellation updates at distant antennas because
newer updates and contributions take precedence.

A joint panel-selection and panel-terminal association for a
centralized system architecture is proposed in [2], [3], where
the corresponding optimisation problem is a mixed-integer
linear programming (MILP) solved using an MILP solver.
In addition, authors in [23] propose a sequential system ar-
chitecture for panel selection and panel-terminal association
optimization purposes, which requires no central data pro-
cessing, in order to overcome the implementation challenges
inherent to centralized system architectures.

This paper investigates the conditions under which the
performance achieved by a sequential and flooding system
architecture employing a panel selection and panel-terminal
association algorithm becomes comparable to a centralized
system architecture (e.g., proposed in [2], [3], while also
proposing effective application strategies for both decen-
tralized system architectures when employing such panel
selection and panel-terminal association algorithm. The de-
centralized system architectures include the sequential system
architecture proposed in [23] and a flooding system architec-
ture using the iterative message-passing algorithm proposed
in [8]. As previously discussed, the iterative message-passing
algorithm has been proposed in [8] in the context of equalisa-
tion, being thus adapted for panel selection and panel-terminal
association optimization purposes in this paper. The sequen-
tial system architecture has been proposed in [23] for panel
selection and panel-terminal association optimization pur-
poses, being in this paper compared to the adapted flooding
system architecture. The joint panel selection and panel-
terminal association algorithm aims at allocating a set of
terminals to a given panel, the panel being limited to a num-
ber of baseband outputs, in a sequential [23] or flooding [8]
manner, while maximising the minimum terminal rate. For
the sequential system architecture, the panels can cooperate
sequentially by passing around SINR information, containing
a linear combination of all the SINR values for the set of
terminals sent by all the previously processed panels. For the

flooding system architecture, the panels which are arranged
in a grid can cooperate by passing around SINR information
containing a linear combination of the SINR values (which do
not necessarily contain SINR information from all the panels,
being therefore dependent on how many panels have already
shared such information) for the set of terminals sent by the
respective neighbouring panels.

In this paper, system parameters including the number of
panels (P), the number of terminals to be served by a set
of such panels (K), and the number of baseband outputs per
panel (N) have been analysed for scalability purposes. The
contributions of the present paper are described as follows:
� The iterative message-passing algorithm proposed by [8]

has been adapted for panel selection and panel-terminal
association optimization purposes. In particular, each ac-
tive panel communicates an average aggregated SINR
with one another according to the iterative message-
passing algorithm properly adapted for panel selection
and panel-terminal association optimization purposes.
The iterative message-passing algorithm is adapted for
such purposes by performing the joint panel selection
and panel-terminal association in such a way that the
minimum SINR among all terminals is maximized. In
addition, the SINR information shared with a given panel
includes KP SINR contributions from each of its neigh-
bouring panels (either deactivated, and thus used as a
bridge to transmit those SINR values from an active
panel in communication with those deactivated panels,
or active) averaged over a number of iterations, P denot-
ing the number of panels and K denoting the number of
terminals to be served by a subset of such panels;

� Provision of specific combinations of system parameters
(including the number of panels, the number of terminals
to be served by a set of such panels, and the number of
baseband outputs per panel) required by the decentral-
ized system architectures (i.e., sequential and flooding
system architectures) to ensure full or approximate con-
vergence to a max-min terminal rate achieved by the
centralized system architecture;

� Provision of performance losses in the max-min terminal
rate for a combination of system parameters yield-
ing a proper convergence when considering either the
sequential system architecture or the flooding system ar-
chitecture relative to the centralized system architecture;
and

� Comparison of the sequential system architecture and
the flooding system architecture in terms of convergence
to the max-min terminal rate of the centralized system
architecture, number of outputs per panel for delivering
a proper max-min terminal rate, and performance loss
relative to the centralized system architecture.

A. NOTATION
Throughout this paper the following notation will be adopted:
the operators (·)∗ and (·)H stand for the complex conjugate
and the Hermitian transpose, respectively. Boldface letters
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(e.g. a) denote vectors and boldface uppercase letters (e.g. A)
denote matrices. In particular, am,n indicates the element at
the mth row and nth column of matrix A, am indicates the mth
element of vector a.

II. SYSTEM CHARACTERISATION
An uplink transmission between K single antenna termi-
nals and a panel-based LIS, comprising P panels arranged
according to a squared (or rectangular) lattice, each one
with M antennas and N�M baseband outputs (as known
as RF chains). It is also assumed that N�K , while NP>K ,
and therefore some resource allocation strategy is needed. It
should be noted that a centralized system architecture consid-
ers an CPU for data aggregation (e.g., SINR measures) and
resource allocation related decisions. A fully decentralized
LIS-based system may contain a local processing unit (LPU)
per panel (as opposed to a CPU), with each LPU being used
for computation of a local SINR and resource allocation-
related decisions. Computation of a local SINR and resource
allocation-related decisions by LPUs can increase processing
capacity without overloading an CPU, thus mitigating the
complexity associated with a centralized architecture. In ad-
dition, as inter-connection bandwidths to/from the CPU may
be a limiting factor in centralized system architectures, de-
centralized architectures may ensure that only relevant data is
sent to the CPU, thereby reducing network congestion, and
fronthaul signal overhead. In this paper, it is envisioned that
the information communicated between panels is never sent
to the CPU.

Assuming a narrowband communication system with each
terminal radiating isotropically, the received signal at the pth
LIS panel is given by,

yp =
[
y(1)

p , . . . , y(M )
p

]T = GpJx + np , (1)

with x = [x1, . . . , xK ]T and np = [n(1)
p , . . . , n(M )

p ]T , where xk

is the signal sent by the k-th terminal, and y(m)
p and n(m)

p are
the signal and noise captured at the p-th panel’s m-th antenna,
respectively. Gp = [Gp,(m,k)]M×K is the channel matrix, with
Gp,(m,k) denoting the channel between the k-th terminal and
the m-th antenna of the pth panel, and J = diag{ρ1, . . . , ρK },
where ρk is the transmit power of the kth terminal. Gp is
characterised by multipath fading, pathloss and shadowing
components as in [24], and is given by,

Gp = HpD1/2
p , (2)

where Hp = [Hp,(m,k)]M×K models the multipath fading,
following an independent and identically distributed (i.i.d)
Rayleigh fading model, whose coefficient Hp,(m,k) follows a
complex Gaussian distribution, i.e. Hp,(m,k)∼CN (0, 1). Dp =
diag{dp,(1), . . . , dp,(K )} represents the large-scale propagation
component (i.e., the pathloss and shadowing) and,

dp,(k) =
zp,(k)

r�
p,(k)

, (3)

where rp,(k) denotes the Euclidean distance between the kth
terminal and the centre of the pth panel, � is the path loss ex-
ponent, and zp,(k) refers to the shadowing effect which follows
a log-normal distribution, i.e., 10log10(zp,(k) )∼N (0, σshad).
Independent shadow fading is also assumed over the different
LIS panels.

In this paper, it is considered that for the panel-based LIS,
each panel has perfect knowledge of its own channel matrix
Gp (only), and such knowledge is used for detection and
resource allocation, either using a centralized or a distributed
system architecture.

III. UPLINK DETECTION AND SINR CALCULATION
The post-processed signal at the pth panel can be represented
as,

x̃p = Fpyp = FpGpJx + Fpnp , (4)

where Fp = [Fp,(k,m)]K×M denotes the equalisation matrix,
Fp,(k,m) is the equalisation coefficient of the k-th terminal and
the m-th antenna of the p-th LIS panel, and np is assumed to
be a zero-mean with a Gaussian distribution whose variance
is related to a power spectral density of the noise N0.

The MF equalisation technique is performed at each panel,
where the received signals are phase corrected and weighted
by the conjugate of the channel matrix. The MF receiver
matrix for the pth panel can be given by,

Fp = GH
p . (5)

Combining (4) and (5) results in,

x̃p = [x̃p,(1), . . . , x̃p,(K )] = GH
p yp = Rpx + wp , (6)

where x̃p,(k) denotes the estimation of the signal sent by the
kth terminal at panel p (i.e., a post-processed signal) when
employing the MF equalisation technique. Rp = GH

p Gp de-
notes the channel Gram matrix, and wp is assumed to be
zero-mean with a complex Gaussian distribution with covari-
ance E[wpwH

p ] = RpN0.
Because each panel has N�K baseband outputs, decision

upon terminals to served by the pth panel needs to take in
account the set of SINRs at the pth panel with respect to each
terminal, i.e., γ p = [γp,(1), . . . , γp,(K )]. Using (6), the SINR
γp,(k) of the kth terminal observed by the pth panel, is given
by,

γp,(k) =
ρk|Rp,(k,k)|2∑K

�=1,� �=k ρ�|Rp,(k,�)|2 + Rp,(k,k)N0
, (7)

where the numerator is the received power of the desired
signal from the kth terminal, and the left and right terms of the
denominator stand, respectively, for the interference caused
by the other terminals, and the noise captured at the pth panel.

The following section addresses panel selection and panel-
terminal association schemes considering centralized or dis-
tributed system architectures, using the SINR γ p as a basis.
It should be emphasized that the panel selection and panel-
terminal association for centralized system architectures is
addressed in [2], [3].

VOLUME 7, 2026 539



PEREIRA ET AL.: RESOURCE ALLOCATION SCHEMES FOR SCALABLE PANEL-BASED LIS SURFACES

IV. PANEL SELECTION AND PANEL-TERMINAL
ASSOCIATION FOR CENTRALIZED SYSTEM ARCHITECTURE
In this section, the panel selection and panel-terminal associ-
ation in a centralized manner is addressed for a panel-based
LIS system. A centralized system architecture assumes that P
panels, each one with N baseband outputs, are connected to a
CPU for data aggregation. When considering a joint panel se-
lection and panel-terminal association, the CPU must choose a
suitable set of panels and which terminals must be allocated to
them. Hence, each panel needs to calculate, according to (7),
its K possible SINR values γp,(k) and report them. The CPU
then processes all the KP reported SINR values, taking a deci-
sion on which Pa≤P panels to activate, and which terminals to
allocate to each one of those Pa panels. Pa denotes the number
of panels to activate out of the P panels in order to determine
the panel-terminal pairs according to the panel selection and
panel terminal association algorithm (i.e., a fairness resource
allocation algorithm). Therefore, the CPU’s feedback to the
pth panel is a tuple (z̃p, cp) where:
� z̃p∈{1, 0} indicates the activation or non-activation of the

pth panel;
� cp = [cp,(1), . . . , cp,(K )] is a binary vector, where

ck,p∈{1, 0} indicates whether the kth terminal is served
by the pth panel, and

∑K
k=1 cp,(k) = z̃pN meaning that

only N terminals can be served if the pth panel is acti-
vated.

To address the joint panel selection and panel-terminal
association for the centralized system architecture, the CPU
computes an aggregate SINR γagg = [γ(1), . . . , γ(K )] for the
set of K terminals, whose element γ(k) is given by,

γ(k) =
P∑

p=1

cp,(k)γp,(k) =
P∑

p=1

γ̃p,(k) . (8)

where γ̃p,(k) = cp,(k)γp,(k).
In essence, having Pa active panels, with N baseband out-

puts per panel, the outputs allocated to the same terminal
are linearly combined providing an aggregate SINR for that
terminal. It is an ambition of this chapter to execute it in such
a way that the minimum SINR γmin among all terminals is
maximised, and therefore, the CPU must solve an optimisa-
tion problem that can be formulated as,

max
cp,(k), z̃p

γmin

subject to:
P∑

p=1

cp,(k)γp,(k) ≥ γmin, ∀k ∈ {1, . . . , K},

K∑
k=1

cp,(k) = z̃pN, ∀p ∈ {1, . . . , P},

P∑
p=1

z̃p = Pa,

cp,(k), z̃p∈{0, 1 γmin∈[0,+∞). (9)

Note that the first constraint ensures that all terminals are
served by at least one panel-output; the second one ensures
that N terminals are served by every active panel; and the third
constraint accounts for the number of panels to be activated
within the panel-based LIS. Furthermore, a constraint is also
included to ensure that all terminals are served by at least one
panel-output, NPa≥K . The max-min terminal rate achieved at
the end of the optimisation process is,

Rmin = E[log2(1+ t )] = E[log2(1+min(γagg))] . (10)

When considering only terminal-panel association for a
fixed panel selection scheme, the formulation of problem (9)
remains correct as long as NPa≥K , only differing in the fact
that the third restriction disappears (i.e., z̃p are now fixed), and
the sum in the first restriction is carried along the Pa panels
selected a priori.

Problem (9) is an MILP with P(K+1) binary variables, and
can be solved using an MILP solver, available for example
in IBM ILOG CPLEX Optimiser (CPLEX). We intend to
investigate means of obtaining comparable max-min terminal
rates to that of the MILP solver, but performed in a more
scalable manner in the sense that there is no CPU to collect the
SINR measures coming from the different panels. The panel
selection and panel-terminal association stages for a fully de-
centralized architecture are discussed in the next section.

V. PANEL SELECTION AND PANEL-TERMINAL
ASSOCIATION FOR DISTRIBUTED SYSTEM ARCHITECTURE
In this section, we address panel selection and panel-terminal
association in a distributed manner for a panel-based LIS sys-
tem. This process can involve optimizing both stages jointly
or individually, and can be implemented in a sequential or
flooding manner.

A distributed panel-based LIS system assumes that P pan-
els, each one containing N baseband outputs, do not have
any CPU for data aggregation and resource allocation related
decisions. In this case, each panel has an LPU with reasonable
processing capabilities for the computation of a local SINR
and resource allocation-related decisions, the processed data
is shared with the other panels.

A. SEQUENTIAL SYSTEM ARCHITECTURE
A sequential system architecture assumes P panels to be se-
quentially connected according to a panel grid1 as shown in
Fig. 1. In addition, the panel P is in communication with panel
having index 1 (i.e., the output of panel P is fed to the panel
with index 1).

Panel selection and panel-terminal association are itera-
tive processes. Within iteration i (with i = 1, . . . , I), panel-
terminal association is performed using a sequential SINR
sharing scheme, with each panel being processed at a time,
and locally performing terminal assignment. Such panel uses

1The sequential panel selection and panel-terminal association algorithm
can be employed in any shaped panel-based LIS, as long as the information
is shared sequentially.
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FIGURE 1. Aggregate SINR spreading process over P panels when
considering a sequential scheme, for a given round of communication.
Each round of communication takes P steps, with the possibility of having
it repeated over time, until an acceptable (or even optimum) max-min
terminal rate is achieved.

this information whether to remain active or to switch off.
Regardless of the decision, an aggregate SINR incorporating
such information is sent for the following panel.

Let γ
(i)
agg,p = [γ (i)

agg,p,(1), . . . , γ
(i)
agg,p,(K )] denote the set of

aggregate SINRs for the K terminals, computed at the ith
iteration by the pth panel. In particular, and as illustrated in
Fig. 1, a given panel (e.g., the pth panel) receives an aggregate
SINR γ

(i)
agg,p−1 from a previous panel. Such information is

then used to perform local terminal assignment, in which a
panel only selects N from the set of K terminals to serve, aim-
ing at maximising the minimum SINR among all K terminals.
Furthermore, if a panel chooses to remain active, based on the
local terminal assignment, the aggregated SINR γ

(i)
agg,p at the

panel is updated and passed to the next one. In case a panel
decides to switch off, it needs to simply pass the aggregated
SINR coming from panel p− 1 to panel p+ 1. In such an al-
gorithm, no panel is turned off at iteration i = 1. Instead, only
panel-terminal association is performed to establish an initial
max-min terminal rate achieved at panel P. Panel selection
together with panel-terminal association are then performed
for iterations i>1, taking into account the initial max-min
terminal rate2 provided by panel P at iteration i.

In order for the pth panel to choose which N terminals to
serve that maximise the minimum SINR among all of them,
a new optimisation problem (at the panel level) should be
solved, taking into account the information the pth panel re-
ceives, i.e., γ

(i)
agg,p−1, and its local SINR information γ p. After

doing so, the aggregate SINR to be sent by panel p to panel
p+1, at iteration i, is taken as,

γ (i)
agg,p =

⎧⎪⎨
⎪⎩

γ
(i)
agg,p−1 − γ̃ (i−1)

p︸ ︷︷ ︸
A

+ γ̃ (i)
p︸︷︷︸
B

, p > 1

γ
(i)
agg,P − γ̃

(i−1)
p + γ̃

(i)
p , p = 1

, (11)

2Depending on the panel selection and panel-terminal allocation, different
max-min terminal rates can arise for the different iterations i∈[1, I].

where:
� γ̃

(i)
p = [c(i)

p,(1)γp,(1), . . . , c(i)
p,(K )γp,(K )], with γp,(k) being

the SINR measured locally by each panel and given by
(7), and c(i)

p = [c(i)
p,(1), . . . , c(i)

p,(K )] the result of the termi-
nal association to the pth panel at the ith iteration;

� If no terminal-panel is assumed a priori then c(0)
p =

01×K , and as so, γ̃
(0)
p = 01×K .

� term A stands for the aggregated SINR at the pth panel at
the ith iteration, but where panel p’s contribution in iter-
ation i − 1 has been removed, thus being the aggregated
SINR from all panels except the pth;

� term B is the contribution from panel p at iteration i to
the aggregate SINR. This contribution will be (described
in detail further below) returned by an optimisation that
maximises the minimum SINR among all terminals at
the ith iteration and when processing the pth panel.

Inspecting (11), it can be verified that the aggregate SINR
for the pth panel can be expressed as,

γ (i)
agg,p =

P∑
p′=p+1

γ̃
(i−1)
p′ +

p∑
p′=1

γ̃
(i)
p′ , (12)

The local optimisation to be carried out at each panel to
determine the term γ̃

(i)
p can be formulated as,

γ̃ (i)
p =

[
c(i)

p,(1)γp,(1), . . . , c(i)
p,(K )γp,(K )

]
where

c(i)
p,(k) = arg max

qk

γmin,

subject to:

γ
(i)
agg,p,(k) − c(i−1)

p,(k) γp,(k) + qkγp,(k) ≥ γmin, 1 ≤ k ≤ K,

K∑
k=1

qk = N,

qk∈{0, 1}. (13)

At iteration i>1, panel-terminal association is followed by
panel selection. Panel p decides either to remain activate or
to switch off, depending on its contribution for the max-min
terminal rate delivered by panel P at iteration i − 1. A panel
remains active if and only if,

min
(
γ̃

(i)
p

)
min

(
γ

(i−1)
agg,P

) ≥ β, (14)

where γ
(i−1)
agg,P represents the aggregated SINR of panel P at the

iteration i − 1 and γ̃
(i)
p is the local SINR of panel p at iteration

i after performing panel-terminal association. β∈[0, 1] is used
to measure the relevance of panel p. Particularly, the contribu-
tion of panel p at iteration i in relation to the max-min terminal
rate at iteration i − 1 must be higher or equal to β for panel p
to remain active. The iterative process of panel selection and
panel-terminal association is described in Algorithm 1.

VOLUME 7, 2026 541



PEREIRA ET AL.: RESOURCE ALLOCATION SCHEMES FOR SCALABLE PANEL-BASED LIS SURFACES

Algorithm 1: Panel Selection and Panel-Terminal Asso-
ciation for a Sequential System Architecture.

Input: γ p, c(0)
p (If no terminal-panel association is

assumed a priori then c(0)
p = 01×K ), β, γagg,P

1: for i = 1, . . . , I do
2: for p = 1, . . . , P do
3: [γ̃ (i)

p , c(i)
p ] = Solve (13);

4: if i > 1 then
5: if min(γ̃ (i)

p ) < min(γ (i−1)
agg,P )β then

6: c(i)
p = 01×K

7: γ̃
(i)
p = 01×K

8: end if
9: end if

10: γ
(i)
agg,p = γ

(i)
agg,p−1 − γ̃

(i−1)
p + γ̃

(i)
p ;

11: Output at stage (i, p): c(i)
p , γ

(i)
agg,p

12: end for
13: end for

The max-min terminal rate at each (i, p) stage is thus given
by,

R(i)
min,p = E

[
log2

(
1+min(γ (i)

agg,p)
)]

. (15)

As the number of communication rounds increases, the
panel-terminal allocation in each panel becomes more re-
liable, thereby improving the max-min SINR among all
terminals. At the beginning of the second iteration there is
already a big picture of the panel-based LIS provided by
γ

(1)
agg,P at panel P, that is spread to the remaining panels along

the 2nd iteration, enabling a faster convergence of (15) to (10).

B. FLOODING SYSTEM ARCHITECTURE
A flooding system architecture assumes P panels arranged in a
grid as illustrated in Fig. 2. Each panel has direct connections
with its neighbouring panels. For example, panel (r, s) (i.e.,
a centrally located panel) can connect to four neighbouring
panels: (r − 1, s), (r+1, s), (r, s− 1) and (r, s+1). Panels po-
sitioned at the corners of the grid communicate with two or
three neighbouring panels accordingly. As illustrated in Fig. 2,
panel (r, s) receives, at iteration (i), average SINRs γ

↑,in,(i)
avg,(r,s),

γ
↓,in,(i)
avg,(r,s), γ

→,in,(i)
avg,(r,s), and γ

←,in,(i)
avg,(r,s) from the neighbouring panels

(r+1, s), (r − 1, s), (r, s− 1) and (r, s+1), respectively. For a
panel (r, s) (i.e., a centrally located panel or located at a corner
of the grid, the average received SINRs can be given by,

γ
↑,in,(i)
avg,(r,s) =

[
γ
↑,in,(i)
avg,(r,s),(1), . . . , γ

↑,in,(i)
avg,(r,s),(K )

]

=
{

γ
↑,out,(i−1)
avg,(r+1,s), r > 1

0, otherwise
(16)

γ
↓,in,(i)
avg,(r,s) =

[
γ
↓,in,(i)
avg,(r,s),(1), . . . , γ

↓,in,(i)
avg,(r,s),(K )

]

FIGURE 2. Average SINR spreading process over P = RS panels when
considering a flooding scheme, for a given round of communication. In
each round of communication, the P panels receive from each other and
transmit to each other the average SINRs. One round of communication
corresponds to a share of the average SINRs among all P panels.

=
{

γ
↓,out,(i−1)
avg,(r−1,s), r < R

0, otherwise
(17)

γ
→,in,(i)
avg,(r,s) =

[
γ
→,in,(i)
avg,(r,s),(1), . . . , γ

→,in,(i)
avg,(r,s),(K )

]

=
{

γ
→,out,(i−1)
avg,(r,s−1) , s > 1

0, otherwise
(18)

γ
←,in,(i)
avg,(r,s) =

[
γ
←,in,(i)
avg,(r,s),(1), . . . , γ

←,in,(i)
avg,(r,s),(K )

]

=
{

γ
←,out,(i−1)
avg,(r,s+1) , s < S

0, otherwise
(19)

where γ
↑,out,(i−1)
avg,(r+1,s), γ

↓,out,(i−1)
avg,(r−1,s), γ

→,out,(i−1)
avg,(r,s−1) , and γ

←,out,(i−1)
avg,(r,s+1)

are average SINRs calculated by panels (r+1, s), (r − 1, s),
(r, s− 1) and (r, s+1) at iteration (i − 1) and transmitted by
each corresponding neighbouring panel to panel (r, s); R de-
notes the number of panel positioned in a vertical manner;
and S denotes the number of panel positioned in a horizontal
manner. Table 1 presents a brief description of the variables
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TABLE 1 Set of Average SINRs Exchanged Between Panel (r, s) and Its
Neighbouring Panels

representing the set of average SINRs exchanged between the
(r, s) panels and its neighbouring panels.

In a manner analogous to the sequential system architec-
ture, the average SINRs γ

↑,out,(i−1)
avg,(r−1,s), γ

↓,out,(i−1)
avg,(r+1,s), γ

←,out,(i−1)
avg,(r,s−1) ,

and γ
→,out,(i−1)
avg,(r,s+1) are then used to perform local terminal as-

signment, in which a panel only selects N from the set of
K terminals to serve, aiming at maximising the minimum
SINR among all K users. In particular, an average aggre-
gated SINR γ

(i)
avg,(r,s) calculated using the average SINRs

γ
↑,out,(i−1)
avg,(r−1,s), γ

↓,out,(i−1)
avg,(r+1,s), γ

←,out,(i−1)
avg,(r,s−1) , and γ

→,out,(i−1)
avg,(r,s+1) is used

to perform local terminal assignment. The average aggregated
SINR γ

(i)
avg,(r,s), such as an aggregated SINR over i iterations,

for panel (r, s) can be given by,

γ
(i)
avg,(r,s) =

1

i

i∑
j=1

γ
( j)
agg,(r,s) (20)

with γ
( j)
agg,(r,s) denoting an aggregated SINR for panel (r, s)

accounting for all the contributions from the neighbouring
panels (r − 1, s), (r+1, s), (r, s− 1) and (r, s+1) that can be
given by,

γ
(i)
agg,(r,s) = γ

↑,in,(i)
avg,(r,s) + γ

↓,in,(i)
avg,(r,s) + γ

→,in,(i)
avg,(r,s) + γ

←,in,(i)
avg,(r,s) (21)

In order for the panel (r, s) to choose which N terminals,
an optimisation problem (at the panel level) should be solved,
taking into account the average aggregated SINR and its local
SINR information γ̃

(i)
(r,s). The local optimisation problem to be

carried by each panel to determine the local SINR γ(r,s),(k)
is based on the optimisation problem (9), in which the first
constraint is replaced by

∑P
p=1 cp,(k)γavg,(r,s),(k)≥γmin and

second replace by
∑K

k=1 cp,(k) = N . The average SINR to be
sent by panel (r, s) to neighbouring panels (r, s+1), (r, s− 1),

(r+1, s) and (r − 1, s), at iteration i, is given by 3,

γ
→,out,(i)
avg,(r,s) = γ

→,in,(i)
avg,(r,s) + γ

↓,in,(i)
avg,(r,s) + γ

↑,in,(i)
avg,(r,s) + γ̃

(i)
(r,s) (22)

γ
←,out,(i)
avg,(r,s) = γ

←,in,(i)
avg,(r,s) + γ

↓,in,(i)
avg,(r,s) + γ

↑,in,(i)
avg,(r,s) + γ̃

(i)
(r,s) (23)

γ
↑,out,(i)
avg,(r,s) = γ

↑,in,(i)
avg,(r,s) + γ̃

(i)
(r,s) (24)

γ
↓,out,(i)
avg,(r,s) = γ

↓,in,(i)
avg,(r,s) + γ̃

(i)
(r,s) (25)

where:
� γ̃

(i)
(r,s) = [c(i)

(r,s),(1)γ(r,s),(1), . . . , c(i)
(r,s),(K )γ(r,s),(K )], with

γ(r,s),(k) being the SINR measured locally by panel (r, s)
and given by (7), and c(i)

(r,s) = [c(i)
(r,s),(1), . . . , c(i)

(r,s),(K )] the
result of the terminal association to the panel (r, s) at the
ith iteration;

� If no terminal-panel is assumed a priori then c(0)
(r,s) =

01×K , and as so, γ̃
(0)
(r,s) = 01×K ;

� γ̃
(i)
(r,s) is the contribution from panel (r, s) at iteration i to

the average SINR to be transmitted to the neighbouring
panels. This contribution can be calculated by solving
a local optimisation that maximises the minimum SINR
among all terminals at the ith iteration and when pro-
cessing the panel (r, s).

As illustrated by (22), (23), (24), and (25), panel (r, s)
transmits different SINR information to each of the neigh-
bouring panels (r + 1, s), (r − 1, s), (r, s− 1), (r, s+ 1).
Such message flowing technique is described in [8] and en-
ables contributions of panel (r, s), such as the local SINR
calculated at each panel based on the contributions received by
neighbouring panels, to flow to the remaining panels by means
of the neighbouring panels, with each panel using such local
contribution only once. Note that the remaining panels are
panels that do not have a direct connection with panel (r, s). In
addition, the average SINRs received by panel (r, s) from the
neighbouring panels (r + 1, s), (r − 1, s), (r, s− 1), (r, s+ 1)
may include average SINRs from previous iterations. How-
ever, the importance of previous iterations starts to decrease as
the number of iterations increases. In other words, looking at
a given SINR contribution for simplicity purposes, the SINR
contribution is distributed across the panel-based LIS during
each iteration, meaning that by the end of an iteration, the
contribution has reached all panels. Such SINR contribution
may still persist in a subsequent iteration, although with re-
duced relevance, which, as will be shown in Section VI, it
does not prevent the flooding algorithm from converging to the
max-min terminal rate of the centralized system architecture.

In a manner analogous to the sequential system architec-
ture, at iteration i>1, panel-terminal association is followed
by panel selection. Panel (r, s) decides whether to remain
active or to turn off based on the average aggregated SINR

3Equations (22), (23), and (24), and (25) can be extended for any panel of
the P panels and iteration. Consequently, equations (16), (17), (18), and (19)
can be also linked to the previously mentioned equations, leading to equations
20 and 21 for any panel and iteration.
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Algorithm 2: Panel Selection and Panel-Terminal Asso-
ciation for a Flooding System Architecture.

Input: γavg,(r,s), c(0)
(r,s) (If no terminal-panel association is

assumed a priori then c(0)
(r,s) = 01×K ), β, γ̃

(i)
avg,(r,s),

1: for i = 1, . . . , I do
2: for r = 1, . . . , R do
3: for s = 1, . . . , S do
4: [γ̃ (i)

avg,(r,s), c(i)
(r,s)] = Solve (9) adapted to

Flooding;
5: if min(γ̃ (i)

avg,(r,s) ) �=0 ∧min(γ̃ (i)
(r,s) ) <

min(γ̃ (i)
avg,(r,s) )β then

6: c(i)
(r,s) = 01×K

7: γ̃
(i)
(r,s) = 01×K

8: end if
9: Output at stage (i, r, s): c(i)

(r,s), γ̃
(i)
(r,s)

10: end for
11: end for
12: end for

γ
(i)
avg,(r,s) calculated at iteration i. If panel (r, s) chooses to

remain active, based on the local terminal assignment, the
average SINR γ

(i)
agg,p at the panel is updated and passed to

the neighbouring panels. In case panel (r, s) decides to switch
off, it needs merely to pass the average SINR coming from
the neighbouring panels to the same neighbouring panels at
iteration (i + 1). In a manner analogous to the sequential sys-
tem architecture, no panels are switched off at iteration i = 1.
Instead, only panel-terminal association is performed to estab-
lish an initial max-min terminal rate achieved at each panel.
Panel selection together with panel-terminal association are
then performed for iterations i>1. A panel remains active if
and only if,

min
(
γ̃

(i)
avg,(r,s)

)
= 0 ∨

min
(
γ̃

(i)
(r,s)

)
min

(
γ̃

(i)
avg,(r,s)

) ≥ β, (26)

where γ̃
(i)
avg,(r,s) represents the average aggregated SINR of

panel (r, s) at the iteration i and γ̃
(i)
(r,s) is the local SINR of

panel (r, s) at iteration i after performing panel-terminal as-
sociation. β∈[0, 1] is used to measure the relevance of panel
(r, s). In particular, the panel (r, s) must remain active when
min(γ̃ (i)

avg,(r,s) ) = 0 as not all terminals are being served. In
addition, the contribution of panel (r, s) at iteration i in rela-
tion to the average aggregated SINR calculated by panel (r, s)
at iteration i based on SINR contributions of neighbouring
panels must be higher or equal to β for the panel (r, s) to
remain active. The iterative process of panel selection and
panel-terminal association is described in Algorithm 2.

The max-min terminal rate at each (i, r, s) stage is thus
given by,

r(i)
min,(r,s) = E

[
log2

(
1+min

(
γ
↓,out,(i)
avg,(r,s),

×γ
↑,out,(i)
avg,(r,s), γ

←,out,(i)
avg,(r,s) , γ

→,out,(i)
avg,(r,s)

))]
. (27)

In a manner analogous to the sequential system architec-
ture, the panel-terminal allocation in each panel becomes
more reliable as the number of communication rounds in-
creases, thereby improving the max-min SINR among all
terminals. One round of communication corresponds to a
communication stage when the RS panels have shared their
SINR information with respective neighbouring panels. In
other words, one round communication is a communication
stage when all RS panels have received the SINR contribu-
tions from respective neighbouring panels and determined the
average SINR to be sent to each of the respective neighbouring
panels in the next round of communications, such as average
SINRs γ

↓,out,(i)
avg,(r,s) , γ

↑,out,(i)
avg,(r,s) , γ

←,out,(i)
avg,(r,s) , and γ

→,out,(i)
avg,(r,s) .

VI. RESULTS AND DISCUSSION
In this section, the max-min terminal rate Rmin for central-
ized, sequential and flooding system architectures is presented
and compared. A LIS-panel based grid with P∈{25, 49} pan-
els is considered, each one with M = 100 antennas and
N∈{2, . . . , 6} baseband outputs, serving K∈{10, 20, 30, 40}
terminals, which are uniformly distributed within the LIS
area.

In all simulations, we assume unitary transmitted power per
terminal, MF equalisation upon uplink detection, and a noise
density of N0 = 10−4 (W/Hz). It is considered a transmis-
sion over a channel subject to multipath fading, pathloss and
shadowing, with � = 3.8dB and σshad = 8dB [24], and perfect
channel estimation at the LIS.

The centralized system approach uses the MILP solver pro-
vided by CPLEX to perform panel-terminal association and/or
panel selection according to (9). For the sequential and and
flooding system architecture, a solver is used to solve (13)
and a properly adapted problem based on (9), respectively,
that selects the K worst served terminals fulfilling the max-
imisation of the minimum rate among all terminals, using such
information to activate or deactivate a panel when performing
panel selection.’

A step shall be understood as a round of communication. In
the context of the sequential system architecture, one iteration
includes P rounds of communication, in which all P panels
share the aggregate SINR (given by (11)) within the iteration.
In the context of the flooding system architecture, one itera-
tion includes P = RS rounds of communication, in which all
P panels share the average SINR (given by (22), (23), (24),
and (25)) with its neighbouring panels within the iteration.
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FIGURE 3. Max-min terminal rate (bps/Hz) for centralized and sequential
system architectures, when considering a panel-based LIS comprising
P = 25 panels, for K∈{10, 20, 30, 40} and number of baseband outputs
N∈{2, 3, 4, 5}, when performing joint panel selection and panel-terminal
association.

A. CENTRALIZED VERSUS SEQUENTIAL DISTRIBUTED
SYSTEM ARCHITECTURES
Figs. 3 and 4 illustrate the max-min terminal rate when
β = 0.2 for both centralized and sequential distributed sys-
tem architectures, when varying the LIS size (i.e, P). Each
simulation in this subsection is performed generating 1000
channel realisations. Both Figs. 3 and 4 show a similar
behaviour and the following observations are considered valid
for both cases:
� It is observed that the max-min terminal rate achieved

when employing the sequential distributed algorithm can
fully converge to the one achieved when employing us-
ing the MILP solver.

� To ensure rate equality between both system architec-
tures, a minimum number of baseband outputs per panel
must be ensured, which can be observed by compar-
ing curves of (P, K, N ) = (25, 20, 2) and (P, K, N ) =
(25, 20, 3) or (P, K, N ) = (25, 40, 4) and (P, K, N ) =
(25, 40, 5). In particular, the number of baseband outputs
per panel must be at least N∈{2, 3, 4, 5} for P = 25 and

FIGURE 4. Max-min terminal rate (bps/Hz) for centralized and sequential
system architectures, when considering a panel-based LIS comprising
P = 49 panels, for K∈{20, 30, 40} and number of baseband outputs N = 4,
when performing joint panel selection and panel-terminal association.

K∈{10, 20, 30, 40}, and N = 4 for P = 49 and for all
K∈{20, 30, 40}, respectively;

� Sequential distributed system architectures yielding
combinations of (P, K, N ) = (25, 10, 2); (25, 20, 3);
(25, 30, 4); (25, 40, 5) require around 13 iterations for
full rate convergence. On the other hand, sequential
distributed system architectures yielding combinations
of (P, K, N ) = (49, 20, 4); (49, 30, 4); (49, 40, 4)
require around 17 to 21 iterations for full rate
convergence. Hence, it is expected that a higher
K/(NP) ratio leads to a slower convergence (or no
convergence at all), for a given number of panels P.
For example, combination (P, K, N ) = (49, 20, 4) has
a ratio K/(NP) which is lower than combinations
(P, K, N ) = (49, 30, 4); (49, 40, 4), thereby yielding
a better ratio convergence. Combinations (P, K, N ) =
(49, 40, 4); (25, 10, 2) provide approximately the same
K/(NP) ratio, thus offering similar max-min terminal
rates and convergence rates. Furthermore, a slower
convergence or no convergence can also be verified
for the same configuration of P panels and K users
yielding a lower number of baseband outputs per
panel N . Such no convergence can be shown when
comparing curves (P, K, N ) = (25, 20, 2); (25, 20, 3)
or (P, K, N ) = (25, 40, 4); (25, 40, 5). In summary, an
increase in the number of terminals K can lead to a
lower rate convergence if, for a given number of panels
P, the number of baseband outputs N is not increased
accordingly.

� It is observed that the max-min SINR is zero (equivalent
to have rmin = 0) in the first steps, which means that
not all terminals are being served. This is something
expected from the sequential SINR sharing algorithm. In
particular, at step 1 and iteration 1, panel 1 can only serve
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FIGURE 5. Performance loss in the max-min terminal rate for the
sequential panel selection and panel-terminal association algorithm, a
given fraction of activated panels τ, a given β∈[0, 1], when considering a
panel-based LIS comprising P∈{25, 49} panels, for K∈{20, 30}, respectively,
and number of baseband outputs N∈{3, 4}.

N users. Since K>N , it is expected to have the terminals
waiting for being assigned to a given panel in the next
steps at iteration 1 (i.e., the first round of communica-
tion). In the following iterations, it is guaranteed to have
all terminals served.

B. PERFORMANCE LOSS FOR A SEQUENTIAL DISTRIBUTED
SYSTEM ARCHITECTURE
Fig. 5 shows the performance loss in the max-min terminal
rate when considering a sequential distributed system
architecture (e.g., when employing a sequential panel
selection and panel-terminal association algorithm),
such performance loss being measured as the ratio
between such rate with reference to the one achieved
when employing a centralized system architecture,

for a given fraction of activated panels τ , a given
β∈[0, 1], combinations (P, K, N ) = (25, 20, 3); (49, 30, 4).
(P, K, N ) = (25, 20, 3); (49, 30, 4) have been chosen simply
because they allow convergence to the max-min rate of the
centralized system architecture and a reasonable values of
P, K , and N . When β = 0, all P panels are activated and
actively communicating with the K terminals. Simulations for
combinations (P, K, N ) = (25, 20, 3); (49, 30, 4) of Fig. 5 are
performed generating 10000 and 4000 channel realisations,
respectively.

Fig. 5 shows that lower values of β imply high-to-moderate
fractions of activated panels and therefore lower perfor-
mance losses. The maximum performance loss is of 30% for
(P, K, N ) = (25, 20, 3) and 60% for (P, K, N ) = (49, 30, 4),
meaning a minimum fraction of activated panels of 54% and
44%, respectively. Therefore, the worst case scenario for both
combinations may already represent a decent choice. Further-
more, it is observed that such performance loss can be easily
decreased by choosing a lower value of β, whose choice is de-
pendent on the performance loss considered to be reasonable.

Fig. 6 shows the max-min terminal rate when β = 0.2, for
both centralized and sequential distributed system architec-
tures. Simulations of Fig. 6 are performed generating 1000
channel realisations. It is shown that the saturation of both
the max-min terminal rate and the fraction of activated panels
for (P, K, N ) = (25, 20, 3) occurs at iteration i = 13, whereas
for (P, K, N ) = (49, 30, 4) it only occurs at iteration i = 19.
Nonetheless, it is reasonable to say that for the latter case, the
fraction of activated panels remains approximately constant
from iteration i = 9, which can indicate that the saturation
of both the max-min terminal rate and the fraction of acti-
vated panels does not necessarily happen at the same time. A
possible explanation can be that, as the number of iterations
increases, the deactivation of some panels leads to the acti-
vation of others and so on, until the max-min terminal rate
saturates. An increase in the max-min terminal rate while ver-
ifying a constant fraction of activated panels may indicate that
the activated panels at such time instant are not entirely the
same while maintaining an equal quantity of panels. There-
fore, it is valid to comment that,
� A higher number of panels requires more iterations (e.g.,

more communication rounds) to provide the best max-
min terminal rate possible;

� A very small change in the number of activated panels
can be decisive to deliver the best min-max terminal rate
(especially when there is a higher number of panels).

Finally, it is noted that the difference in the fraction of
activated panels in Figs. 5 and 6 can be explained by the
number of channel realizations. For example, Figs. 5 and
6 show, for β = 0.2, a fraction of activated panels of 45%
and 60% for (P, K, N ) = (25, 20, 3) and of 59% and 75%
for (P, K, N ) = (49, 30, 4). Simulations for the such combi-
nations of Fig. 5 are performed generating 10000 and 4000
channel realisations, respectively, instead of 1000 channel re-
alisations as for Fig. 6, showing that generating more channel
realizations allows convergence to a global maximum.
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FIGURE 6. Max-min terminal rate (bps/Hz) for centralized and sequential
system architectures, when considering a panel-based LIS comprising
P∈{25, 49} panels, for K∈{20, 30}, respectively, and number of baseband
outputs N∈{3, 4}, for β = 0.2.

C. CENTRALIZED VERSUS FLOODING DISTRIBUTED
SYSTEM ARCHITECTURES
Figs. 7 and 8 illustrate the max-min terminal rate when β =
0.2 for both centralized and flooding system architectures,
when varying the LIS size (i.e, P). Each simulation in this
subsection is performed generating 1000 channel realisations.

Figs. 7 and 8 show a similar behaviour and the following
observations are considered valid for both cases:
� It is observed that the max-min terminal rate achieved

when employing the flooding distributed algorithm can
(either almost or fully) converge to the one achieved
when employing the MILP solver.

� Flooding distributed system architectures yielding
combinations of (P, K, N ) =
(25, 10, 3); (25, 20, 4); (25, 30, 6); (25, 40, 6) require
around 5 to 9 iterations for full and/or almost rate
convergence. On the other hand, flooding distributed
system architectures yielding combinations of
(P, K, N ) = (49, 20, 4); (49, 30, 6); (49, 40, 6) do not
provide full rate convergence. However, the gap between
the max-min terminal rate of a flooding distributed
system architecture with the max-min terminal rate of a

FIGURE 7. Max-min terminal rate (bps/Hz) for centralized and flooding
system architectures, when considering a panel-based LIS comprising
P = 25 panels, for K∈{10, 20, 30, 40} and number of baseband outputs
N∈{3, 4, 6, 6}, when performing joint panel selection and panel-terminal
association.

FIGURE 8. Max-min terminal rate (bps/Hz) for centralized and flooding
system architectures, when considering a panel-based LIS comprising
P = 49 panels, for K∈{20, 30, 40} and number of baseband outputs
N∈{4, 6, 6}, when performing joint panel selection and panel-terminal
association.

centralized system architecture is 0.14, which is a minor
gap, showing that it is still viable to adopt a flooding
distributed system architecture instead of a centralized
system architecture.

� Saturation of the max-min SINR requires less iterations
for higher K/(NP) ratios. As illustrated by Fig. 7, sat-
uration of the max-min SINR requires around 5 to 9
iterations, depending on the combination of (P, K, N ).
Fig. 8 shows that the max-min SINR requires around 13
to 21 iterations as combinations (P, K, N ) of Fig. 8 yields
a lower K/(NP) ratio when compared to combinations
(P, K, N ) of Fig. 7.
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FIGURE 9. Performance loss in the max-min terminal rate for the flooding
panel selection and panel-terminal association algorithm, a given fraction
of activated panels τ, a given β∈[0, 1], when considering a panel-based LIS
comprising P∈{25, 49} panels, for K∈{20, 30}, respectively, and number of
baseband outputs N∈{4, 6}.

� In a manner analogous to the sequential system architec-
ture, it is further verified that the max-min SINR is zero
in the first steps of the first iteration. A panel flooding
system architecture ensures that all the terminals can be
served at the end of the first iteration, such as when
the SINR information of each panel is received by all
the remaining panels, either directly or via intermediate
panels.

D. PERFORMANCE LOSS FOR A FLOODING DISTRIBUTED
SYSTEM ARCHITECTURES
Fig. 9 shows the performance loss in the max-min terminal
rate when considering a flooding distributed system archi-
tecture (e.g., when employing a flooding panel selection and
panel-terminal association algorithm), such performance loss
being measured as the ratio between such rate with reference

FIGURE 10. Max-min terminal rate (bps/Hz) for centralized and flooding
system architectures, when considering a panel-based LIS comprising
P∈{25, 49} panels, for K∈{20, 30}, respectively, and number of baseband
outputs N∈{4, 6}, for β = 0.2.

to the one achieved when employing a centralized system
architecture, for a given fraction of activated panels τ , a given
β∈[0, 1], combinations (P, K, N ) = (25, 20, 4); (49, 30, 6).
When β = 0, all P panels are activated and actively commu-
nicating with the K terminals. Simulations for combinations
(P, K, N ) = (25, 20, 4); (49, 30, 6) of Fig. 9 are performed
generating 8000 and 4000 channel realisations, respectively.

In a manner analogous to the sequential system archi-
tecture, Fig. 9 shows that lower values of β can imply
high-to-moderate fractions of activated panels and therefore
lower performance losses. The maximum performance loss is
of 19% for (P, K, N ) = (25, 20, 4) and 21% for (P, K, N ) =
(49, 30, 6), meaning a minimum fraction of activated panels
of 61% and 41%, respectively. Therefore, the worst case sce-
nario for both combinations may already represent a decent
choice. Furthermore, it is observed that such performance loss
can be easily decreased by choosing a lower value of β, whose
choice is dependent on the performance loss considered to be
reasonable.

Fig. 10 shows the max-min terminal rate when β = 0.2,
for both centralized and flooding distributed system archi-
tectures. Simulations of 10 are performed generating 1000
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channel realisations. It should be noted that (P, K, N ) =
(25, 20, 4); (49, 30, 6) have been chosen simply because they
allow convergence (or approximate convergence) to the max-
min rate of the centralized system architecture and a reason-
able values of P, K , and N . It is shown that the saturation
of the max-min terminal rate for (P, K, N ) = (25, 20, 4) oc-
curs at iteration i = 9, whereas for (P, K, N ) = (49, 30, 6) it
only occurs at iteration i = 13. For example, for both com-
binations (P, K, N ) = (25, 20, 4) and (P, K, N ) = (49, 30, 6),
saturation of the fraction of activated panels occurs before
saturation of the max-min terminal rate. In particular, the
fraction of activated panels remains approximately constant
from iteration i = 3 for (P, K, N ) = (25, 20, 4) and from iter-
ation i = 8 for (P, K, N ) = (49, 30, 4). Similar statements in
Section VI-B can be used to explain these observations.

Finally, it is noted that the difference in the fraction of acti-
vated panels in Figs. 9 and 10 can be explained by the number
of channel realizations, such as using the same rational as used
in Section VI-B. Figs. 9 and 10 show, for the combination
(P, K, N ) = (25, 20, 4), a similar fraction of activated panels
(i.e., of 47%) for β = 0.2, showing that 1000 channel realisa-
tions allow convergence to a global maximum.

E. SEQUENTIAL VERSUS FLOODING DISTRIBUTED SYSTEM
ARCHITECTURES
Regarding convergence speed to the max-min terminal rate
achieved when employing a centralized system architecture, a
flooding distributed system architecture (e.g., compare Fig. 3
with Fig. 7 or Fig. 4 with Fig. 8) can enable a faster con-
vergence when compared to sequential distributed system
architectures.

1) CONVERGENCE RATE TO THE CENTRALIZED MAX-MIX
RATE
The sequential distributed system architecture can ensure fully
or almost convergence to the max-min terminal rate achieved
by a centralized system architecture (e.g., see Figs. 3 and 4).
For the flooding distributed system architecture, as observed
in Figs. 7 and 8, the gap between the max-min terminal
rate achieved when employing the flooding distributed system
architecture and the max-min terminal rate achieved when
employing a centralized system architecture can be seen as
minor, thereby showing that a flooding distributed system
architecture can still be a viable choice for scenarios where
approximate or fully convergence is required.

2) PERFORMANCE LOSS
A flooding distributed system architecture, compared to a
sequential distributed system architecture, can achieve lower
performance loss while ensuring a lower fraction of acti-
vated panels. Note that both the gap between the curves
associated with the combinations (P, K, N ) = (25, 20, 3) and
(P, K, N ) = (49, 30, 4) of Fig. 5 as well as the gap between
the curves associated with the combinations (P, K, N ) =
(25, 20, 4) and (P, K, N ) = (49, 30, 6) of Fig. 9 can be
explained by the rate K/NP. In other words, a flooding

distributed system architecture yields, when compared with
the sequential system architecture, a larger gap since the
difference between the rate K/NP associated with the com-
binations (P, K, N ) = (25, 20, 4) and (P, K, N ) = (49, 30, 6)
is slightly greater than the difference between the rate K/NP
associated with the combinations (P, K, N ) = (25, 20, 3) and
(P, K, N ) = (49, 30, 3).

3) FINAL REMARKS
For both the sequential and flooding distributed system ar-
chitectures, it is observed that, in order to ensure full or ap-
proximate convergence to the max-min terminal rate achieved
by a centralized distributed system, specific combinations of
(P, K, N ) are required. It can also be noticed that, for both
the sequential and flooding distributed system architectures,
the rate K/NP associated with combinations of (P, K, N )
providing such convergence increases when increasing the
number of terminals K . Therefore, an increase in the number
of baseband outputs per panel N may be required to ensure
delivery of a proper max-min terminal rate (i.e., a terminal
rate ensuring a good performance for the worst-served user)
in a scenario where an increase in the number of terminals K
is verified for a given number of panels P.

In general, a flooding distributed system architecture, when
compared to the sequential distributed system architecture,
requires a slightly higher number of baseband outputs N for
the same number of panels P and number of terminals K for
ensuring a decent convergence to the max-min terminal rate
achieved by a centralized distributed system. On the other
hand, saturation of the max-min terminal rate for a flooding
distributed system architecture is verified for a lower number
of iterations, thereby indicating that the SINR information is
transmitted in a faster manner for a flooding distributed sys-
tem architecture in comparison with a sequential distributed
system architecture.

VII. CONCLUSION
In this paper, we propose panel selection and panel-terminal
association algorithms for decentralized panel-based LIS
communication systems. Such algorithms aim at allocating a
set of terminals to a given panel, comprising a limited number
of baseband outputs, while maximising the minimum terminal
terminal rate. In particular, a sequential as well as a flooding
process for spreading an aggregated SINR over all panels is
considered.

In this paper, specific combinations of several system
parameters (number of panels, number of terminals, num-
ber of baseband outputs per panels) required to ensure, for
fully decentralized LIS-based system architectures, full or
approximate convergence to a rate achieved by a centralized
panel-based LIS have been provided. The fully decentralized
LIS-based system architectures comprise a sequential system
architecture and a flooding system architecture. The follow-
ing observations should be taken into consideration when
designing and configuring fully decentralized LIS-based com-
munication systems for practical scenarios:
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� For both fully decentralized LIS-based system architec-
tures, a higher number of panels requires more iterations
(e.g., more communication rounds between panels) to
provide the rate ensuring fairness between terminals (i.e.,
min-max terminal rate). A very small change in the num-
ber of activated panels can be decisive to deliver the best
min-max terminal rate (especially when there is a higher
number of panels).

� For both fully decentralized LIS-based system architec-
tures, an increase in the number of baseband outputs per
panel may be required to ensure delivery of a proper
max-min terminal rate in a scenario where an increase
in the number of terminals is verified for a given number
of panels.

� Both sequential and flooding system architectures offer
decent convergence rates for the centralized max-min
terminal rate when selecting proper combinations of the
several system parameters, in turn ensuring scalability.

� Nonetheless, a flooding distributed system architecture,
when compared to a sequential system architecture, re-
quires a slightly higher number of baseband outputs for
the same number of panels and number of terminals for
ensuring such a decent convergence. On the other hand,
saturation of the max-min terminal rate for a flooding
system architecture is verified for a lower number of
iterations, thereby indicating that the SINR information
is transmitted in a faster manner. Hence, a flooding sys-
tem architecture provides for decent convergences at the
price of a slight increase in the number of baseband
outputs per panel.
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