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Randomized Control of Wireless Temporal

Coherence via Reconfigurable Intelligent Surface

João Henrique Inacio de Souza, Victor Croisfelt, Fabio Saggese, Taufik Abrão, and Petar Popovski

Abstract—A reconfigurable intelligent surface (RIS) can shape
the wireless propagation channel by inducing controlled phase
shift variations to the impinging signals. Multiple works have
considered the use of RIS by time-varying configurations of
reflection coefficients. In this work we use the RIS to control
the channel coherence time and introduce a generalized discrete-
time-varying channel model for RIS-aided systems. We charac-
terize the temporal variation of channel correlation by assuming
that a configuration of RIS’ elements changes at every time step.
The analysis converges to a randomized framework to control the
channel coherence time by setting the number of RIS’ elements
and their phase shifts. The main result is a framework for a
flexible block-fading model, where the number of samples within
a coherence block can be dynamically adapted.

Index Terms—Reconfigurable intelligent surface (RIS), tempo-
ral correlation, fading.

I. INTRODUCTION

A reconfigurable intelligent surface (RIS) consists of a

massive number of passive reflecting elements able to alter the

phase shifts and possibly the amplitude of impinging wireless

signals [1], thereby exerting control over the wireless propaga-

tion. Some RIS instances can be seen as passive holographic

multiple-input multiple-output (MIMO) surfaces. Numerous

use cases have been proposed to show how such control can

benefit the communication between a transmitter (Tx) and

a receiver (Rx), where the prevailing focus is on improving

the communication performance [1]. However, relatively few

works explore how to use the RIS to induce changes that

induce temporal diversity in the wireless channel and avoid

prolonged unfavorable propagation to a given user.

To illustrate, consider the channel aging problem that occurs

due to Rx mobility which makes the channel state information

(CSI) acquired by the Tx unreliable over time. Works as [2]–

[5] suggest the use of an RIS to deal with this problem

by compensating for the Doppler effects of mobility. The

focus of these works typically relies on optimizing the RIS’

configurations of the elements aiming to minimize the channel

aging effect. In [6], a continuous-time propagation model is

given and is used to configure the RIS in such a way that the

received power is maximized whereas the delay and Doppler

spread are minimized. The authors in [7] study the spatial-

temporal correlation implied by the RIS when it is embedded

in an isotropic scattering environment. Nevertheless, these
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prior works do not analyze how the temporal channel statistics,

such as the coherence time, can be modeled as a function

of the properties of the RIS’ elements. In this paper, we

focus on studying how the RIS can shape temporal channel

statistics by relying on a discrete-time-varying channel model.

A closely related work is [8] where the authors proposed an

RIS phase hopping scheme with the purpose of transforming

a slow-fading into a fast-fading channel. This was achieved

by randomly varying the RIS’ configurations, significantly

improving the outage performance without the need for CSI at

the RIS. Nevertheless, this paper focuses on how the random

variation of phases impacts the outage performance, while here

we analyze temporal channel correlation that stems from the

properties of the RIS.

We propose a generalized discrete-time-varying channel

model for RIS-aided communication systems, showing how

the part of the propagation environment controlled by the RIS

shapes the discrete temporal channel statistics. We characterize

the temporal variation of channel correlation as the RIS’

reflections configuration changes at every time index. This

analysis reveals how one can control the coherence time of the

channel by changing the number of RIS’ reflecting elements

and their phase shift configurations. Our findings corroborate

the results from [8], and prove the possibility of using the RIS

to generate a flexible block-fading model.

Notation. Boldface lowercase a and uppercase A letters rep-

resent vectors and matrices, respectively. Calligraphic letters

A represent finite sets. Operators: transpose by {·}T , complex

conjugate by {·}∗, and real part by R{·}. Important functions

are: ⌊·⌋ the floor function, δ[·] the Kronecker’s delta function,

and sinc(θ) = sin(θ)
θ

. The expected value operator is E {·}
and, unless otherwise stated, it is taken w.r.t. the variable k.

The complex Gaussian distribution is denoted as CN
(
µ, σ2

)

with mean µ and variance σ2, whereas a uniform random

distribution over the range [a, b] is U (a, b).

II. SYSTEM MODEL

The communication setup consists of one single-antenna Tx,

one single-antenna Rx, and one RIS with N ∈ Z+ passive

reflecting elements, operating in narrowband communication

channel and in free space. The wireless channel consists of

two distinct radio paths from the Tx to the Rx, the direct path

and the reflected path controlled by the RIS, see Fig. 1. The

index of the complex samples in the discrete-time domain is

denoted by k ∈ Z.

Considering the downlink, let hD[k] ∈ C denote the channel

coefficient from the Tx to the Rx, gn[k] ∈ C denote the

http://arxiv.org/abs/2302.00074v1


Figure 1. RIS-aided communication system, where the RIS’ elements
imposing time-variant reflection configurations can alter the channel response.

channel coefficient from the Tx to the n-th reflecting element

of the RIS, and hn[k] ∈ C denote the channel coefficient

from the n-th reflecting element of the RIS to the Rx,

n ∈ {1, . . . , N}. Let the channel vectors from the Tx to the

RIS and from the RIS to the Rx be g[k] = [g1[k], . . . , gN [k]]T

and h[k] = [h1[k], . . . , hN [k]]
T , respectively. Consider then

that the n-th reflecting element of the RIS can induce a

phase shift of φn[k] ∈ [0, 2π) upon the impinging signal with

marginal impact on the signal’s amplitude. Thus, we denote

the RIS’ configuration impressed at time k as the matrix

Ψ[k] = diag
(
[ψ1[k], . . . , ψN [k]]T

)
, whose n-th diagonal

entry is the reflection coefficient ψn[k] = e−jφn[k] of the n-

th RIS element.1 Using the narrowband model from [1], we

assume that a RIS configuration is constant within the time of

each sample k.2 Moreover, we assume that the RIS’ elements

have a flat frequency response, preserving the coherence

bandwidth of the equivalent channel, Bc > 0.3 The equivalent

channel heq[k] ∈ C from the Tx to the Rx is then [1]:

heq[k] = hD[k] + gT [k]Ψ[k]h[k],

= hD[k]

︸ ︷︷ ︸

Uncontrollable

+

N∑

n=1

gn[k]hn[k]ψn[k]

︸ ︷︷ ︸

Controllable

. (1)

Eq. (1) is made up of two different time-variant terms: the

uncontrollable component depending only on the properties of

the propagation environment, and the controllable components

controlled by changing the RIS’ configurations.

III. DISCRETE-TIME-VARYING CHANNEL MODEL

In this section, we present a discrete-time-varying model

for the channels hD[k], g[k], and h[k] in order to understand

the impact of switching the reflection coefficients of the RIS

over the time index k. Based on such a model, we show how

the temporal correlation of the equivalent channel behaves by

characterizing its autocorrelation function (ACF) w.r.t. k.

1The RIS is considered to have unitary attenuation to simplify the presen-
tation. The generalization is considered to be straightforward.

2During the switching time from a configuration to another, the RIS can
generate an unpredictable channel behavior. Throughout the paper, we assume
that this effect is negligible considering that the switching time is much lower
than the time reserved for each configuration.

3Bc is inversely proportional to the channel delay spread, determined by
the multiple reflection delays of the signal between the Tx and Rx.

A. The Model

Without loss of generality, let h[k] ∈ C denote a generic

channel coefficient sample from one of the channels hD[k],
gn[k], and hn[k]. To represent both line-of-sight (LoS) and

non-line-of-sight (NLoS) components, we assume the time-

variant Rician fading model as follows [9]:

h[k] = h̄+ ȟ[k], (2)

where h̄ ∈ C denotes the time-invariant LoS channel com-

ponent and ȟ[k] ∈ C denotes the time-variant NLoS channel

component. Specifically, the NLoS component is modeled as

a stationary first-order autoregressive (AR(1)) random process

with recurrence relation [10]–[12]4

ȟ[k] = αhȟ[k − 1] +
√

1− α2
hσhw[k], (3)

where 0 ≤ αh < 1 denotes the AR(1) parameter, σ2
h > 0

denotes the power of the NLoS component, and w[k] is a

white stationary complex Gaussian process such that w[k] ∼
CN (0, 1). From (2) and the properties of the AR(1), it is

straightforward to demonstrate that:

E {h[k]} = h̄ and E

{

|h[k]|2
}

=
∣
∣h̄
∣
∣
2
+ σ2

h. (4)

Hence, the Rice factor κh > 0 of h[k] is defined as the ratio

between the powers of the LoS and NLoS components,

κh =
∣
∣h̄
∣
∣
2
/σ2

h. (5)

Given the channel model and the relationship between the

powers of its time-invariant and -variant parts, we now define

what are the intrinsic parameters to the environment, meaning

that they are determined by the physical properties of the

wireless propagation medium and the setup geometry, and

cannot be directly controlled by the system designer.

Definition 1. (Set of Environmental Parameters) We denote

as Eh =
{
αh, κh, σ

2
h

}
the set of environmental parameters.

B. Temporal Correlation of the Equivalent Channel

We now carry out an analysis of the correlation among

the channel samples over the time index k. Our first result

is summarized in the following lemma.

Lemma 1. Consider that the channel coefficients hD[k], gn[k],
and hn[k], ∀n, follow the time-variant Rician model in eq. (2).

Then, the ACF Rheqheq
: Z → R of the equivalent channel is

given by eq. (6) at the top of the next page, where Rψnψn
′
:

Z → R is the cross-correlation function (CCF) of the RIS’

reflection coefficients, calculated for the discrete-time delay τ
as:

Rψnψn
′
[τ ] = E {ψn[k]ψ

∗
n′ [k − τ ]} . (7)

Proof. See Appendix A.

4In [10], the authors demonstrated that the AR model could be considered
for the computer simulation of correlated fading channels, corroborating
that low orders are appropriate for narrowband Doppler fading processes.
Moreover, [11], [12] unveil that an AR(1) model is enough to capture most
of the channel tap dynamics.



Rheqheq
[τ ] = E

{
heq[k]h

∗
eq[k − τ ]

}
=
∣
∣h̄D
∣
∣
2
+ α

|τ |
hD
σ2
hD

+

N∑

n=1

(

|ḡn|
2
+ α|τ |

gn
σ2
gn

)(∣
∣h̄n
∣
∣
2
+ α

|τ |
hn

σ2
hn

)

Rψnψn
[τ ] + (6)

+

N∑

n=1

N∑

n′=1
n′ 6=n

ḡnḡ
∗
n′ h̄nh̄

∗
n′Rψnψn

′
[τ ] + 2R

{

h̄∗D

N∑

n=1

ḡnh̄nE {ψn[k]}

}

.

From the above result, one can note that the channel ACF

inherits the uncontrollable part and the controllable part from

the equivalent channel in eq. (1).

IV. A RANDOMIZED FRAMEWORK FOR CONTROLLING

THE TEMPORAL CORRELATION

We start by providing a general framework that describes

how to control the temporal correlation by using Lemma 1

to set the number of RIS’ reflecting elements N and/or

designing their configuration {ψn[k]}
N

n=1. Note that through

N we select an RIS of sufficient size to meet the system’s

temporal correlation requirements. Then, we study the case

with uniformly distributed phase shifts, as in [8].

A. Temporal Correlation under Random Phase Shifts

We first make the following simplifying assumptions. (1)

There is no direct path from the Tx to the Rx, i.e., hD[k] = 0.

This holds when obstacles block the direct path between the Tx

and the Rx, as in dense urban scenarios and industries. (2) The

LoS components are predominant in the channels from the Tx

to the RIS, i.e., κgn → ∞ dB , ∀n. Therefore, these channels

are static, i.e., gn[k] = ḡn, ∀n. This can be justified by the

fact that the Tx and the RIS do not move and the deployment

of the RIS is chosen so as to enhance the LoS components

between the Tx and the RIS. Using these assumptions, the

equivalent channel in (1) can be rewritten as:

h′eq[k] = ḡTΨ[k]h[k], (8)

and its ACF is given by:

Rh′

eqh
′

eq
[τ ] =

N∑

n=1

|ḡn|
2
(∣
∣h̄n
∣
∣
2
+ α

|τ |
hn

σ2
hn

)

Rψnψn
[τ ] +

+

N∑

n=1

N∑

n′=1
n′ 6=n

ḡnḡ
∗
n′ h̄nh̄

∗
n′Rψnψn

′
[τ ], (9)

where ḡ = [ḡ1, . . . , ḡN ]
T and h̄ = [h̄1, . . . , h̄N ]

T . We

further assume that the N channels from the RIS’ elements

to the Rx share the same set of environmental parameters

E =
{
α, κ, σ2

}
, where αhn

= α, κhn
= κ, and σ2

hn

= σ2, ∀n.

This assumption is valid when considering that the process

which introduces the time variations is the same for all

N channels and that the receptions occur in the far-field

regime [10]. Now, let us assume that the phase shifts at a

given time k are drawn from a uniform random distribution:

φ′n[k] ∼ U (π − θ, π + θ) , ∀n, (10)

where θ ∈ [0, π] is the phase shifts distribution parameter.

Then, the CCF of the RIS’ reflection coefficients is:

Rψ′

n
ψ′

n
′
[τ ] =

{

1, if n = n′

sinc2(θ), otherwise
, (11)

where we used eq. (7). Substituting (11) into eq. (9) and

considering that |ḡT h̄|2 =
∑N

n=1

∑N

n′=1 ḡnḡ
∗
n′ h̄nh̄

∗
n′ results

in the ACF of the equivalent channel in eq. (12) at the bottom

of the page, with

η =

∣
∣
∣
∣

ḡT h̄

‖ḡ‖2‖h̄‖2

∣
∣
∣
∣

2

. (13)

Specifically, the equality (a) in eq. (12) results from the Rice

factor in eq. (5), i.e., from substituting the term ‖h̄‖22 =
∑N

n=1

∣
∣h̄n
∣
∣ by Nκσ2. Also, from the triangle inequality, η

lies between [0, 1] and is a measure of orthogonality between

the LoS components of the channels g[k] and h[k], depending

on N and the positions of the RIS, Tx, and Rx [13].

By using the results for the CCF and ACF, we derive the

correlation coefficient between two channel samples delayed

by |τ | samples, as shown in eq. (14) at the bottom of the

page. One can notice that the temporal channel correlation

depends on: i) the delay |τ | between the channel samples in

discrete time, ii) the environmental parameters set E , iii) the

number of RIS’ reflecting elements N , and iv) the parameter

Rh′

eqh
′

eq
[τ ] =

(
1− sinc2(θ)

)

(
N∑

n=1

|gn|
2 ∣∣h̄n

∣
∣
2
+ σ2‖ḡ‖22

)

δ[τ ] + sinc2(θ)
(∣
∣ḡT h̄

∣
∣
2
+ α|τ |σ‖ḡ‖22

)

,

(a)
= σ2‖ḡ‖22

[(
1− sinc2(θ)

)
(κ+ 1)δ[τ ] + sinc2(θ)

(

Nκη + α|τ |
)]

. (12)

ρ[τ ] =
Rh′

eqh
′

eq
[τ ]

Rh′

eqh
′

eq
[0]

=

(
1− sinc2(θ)

)
(κ+ 1)δ[τ ] + sinc2(θ)

(
Nκη + α|τ |

)

(
1− sinc2(θ)

)
(κ+ 1) + sinc2(θ) (Nκη + 1)

. (14)



that determines the range of the phase shifts’ distribution θ.

We make the following remarks about the obtained result.

Remark 1. Regarding κ and η, it is worth noting that, in the

absence of a LoS path component from the RIS to the receiver,

i.e., κ→ −∞ dB, or when the LoS components are perfectly

orthogonal, i.e., η = 0, the channel correlation is determined

only by α and θ. On the other hand, if κ > 0 and η > 0, the

correlation coefficient can also be altered by setting N .

Remark 2. Regarding the distribution parameter θ, we analyze

how the temporal channel correlation behaves in the extreme

values of its range, [0, π]. When θ = 0, the resulting correla-

tion coefficient from (14) simplifies to:

ρ[τ ]|θ=0 =
Nκη + α|τ |

Nκη + 1
. (15)

In this case, note that one can control the temporal correlation

only by selecting the number of RIS’ elements N . On the

other hand, when θ = π, the correlation coefficient becomes:

ρ[τ ]|θ=π = δ[τ ]. (16)

Now, observe that the channel samples are totally uncorrelated,

corroborating with the findings of [8]. Recall that the authors

of [8] used φ′n[k] ∼ U (0, 2π) to transform a slow-fading chan-

nel into a fast-fading one, improving reliability-related metrics.

Hence, by tuning θ and given N , we can control the temporal

correlation to values in the interval [ρ[τ ]|θ=π , ρ[τ ]|θ=0].

B. Controlling the Temporal Correlation

Based on Remark 2, we present a method to design the

phase shifts distribution parameter θ to obtain the desired

channel correlation between samples separated from each

other by a desired delay. This is based on the following:

Definition 2. (Project Requirements) The tuple of project

requirements is p = (ρ̃, τ̃ ), where 0 ≤ ρ̃ ≤ 1 is the desired

correlation coefficient of two-channel samples delayed by

τ̃ ∈ Z+ samples.

Method. From eq. (14) and for a constant N , the value of θ
for obtaining a channel correlation coefficient ρ[±τ̃ ] = ρ̃ is:

θ = θ(p) = sinc−1

(√

(κ+ 1)ρ̃

ρ̃κ+ (1− ρ̃)Nκη + α|τ̃ |

)

, (17)

where sinc−1(·) is the inverse function of sinc(·) with

codomain over the interval [0, π].5 By taking into account that

θ ∈ [0, π], the argument in the right-hand side (RHS) of (17)

must lie in the interval [0, 1]. Given this, we define the set of

feasible project requirements as:

P
(θ)
feas. =

{

(ρ̃, τ̃ ) ∈ R+ × Z+

∣
∣
∣
∣
0 ≤ ρ̃ ≤

Nκη + α|τ̃ |

Nκη + 1

}

. (18)

5In the domain [0, π], the sinc(·) function is partially invertible since it
becomes bijective. In the absence of a closed-form expression for sinc−1(·),
numerical methods can be used to calculate it with the required precision.

From the above, one can note that the feasible channel

correlation is upper-bounded by the environmental parameters

E and the number of RIS reflecting elements N .

Remark 3. In Remark 1, we have observed that one can also

control the correlation coefficient by changingN . We now give

an additional result showing the achievable channel correlation

when opting for designing N . We assume that the RIS, Tx,

and Rx are positioned in a way that η does not vary with

N .6 Considering a constant θ, the value of N for obtaining a

correlation coefficient ρ[±τ̃ ] = ρ̃ is:

N(p) =

⌊(
1− sinc2(θ)

)
(κ+ 1) + sinc2(θ)

(
ρ̃− α|τ̃ |

)

sinc2(θ)(1 − ρ̃)κη

⌋

,

(19)

with N = N(p). Knowing that N ≥ 1 and that the denom-

inator of the argument at the RHS of (19) must be nonzero,

the set of feasible project requirements can be derived as:

P
(N)
feas. = { (ρ̃, τ̃) ∈ R+ × Z+| ρ̃min ≤ ρ̃ < 1} ,where (20)

ρ̃min =
sinc2(θ)

(
κη + α|τ̃ |

)
−
(
1− sinc2(θ)

)
(κ+ 1)

sinc2(θ) (κη + 1)
. (21)

From this, one can note that the achievable channel correlation

by setting the number of RIS’ elements N is lower-bounded

by the environmental parameters E and the parameter θ.

To get an overview of the condition in which Remark 3

is valid, Fig. 2 depicts how η changes with N considering

different Rx positions. The LoS channel vectors are calcu-

lated with the model in [13]. Considering the right-handed

Cartesian coordinates system, the RIS is placed parallel to the

xy-plane with center at coordinates (0, 0, 5), while the Tx is at

coordinates (−10, 0, 0). When the Rx position is symmetric to

the Tx one w.r.t. the RIS center, η = 1 is constant. So Remark

3 is valid for position (10, 0, 0). In position (15, 0, 0), it may

be valid for N < 100 due to the low variation of η in this

region. However, it does not apply for positions (10, 2, 0) and

(10, 10, 0) due to the high-amplitude oscillations of η with N .

V. SIMULATION RESULTS

In this section, we exemplify by numerical results how

the method proposed in Subsection IV-B can be applied to

obtain a given project requirement p = (ρ̃, τ̃). The results

and their respective simulation parameters are given in Figs. 3

and 4. In the simulations, the coordinate system, the RIS and

100 101 102 103
10-6

10-3

100

Figure 2. Orthogonality between the LoS components as a function of N .

6We leave the analysis of the case where η varies with N for future works.
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1.00

(a) α = 1− 1.12× 10−4, κ = 6 dB N = 100, Rx at (10, 10, 0)

0 50 100 150 200 250 300 350 400 450 500
0.80

0.85

0.90

0.95

1.00

(b) α = 0.992, κ = −6 dB, θ = 0, Rx at (15, 0, 0)

Figure 3. Channel temporal correlation. The markers indicate the points where the correlation should reach 0.9 according to the project requirements p.

Tx positions, and the method to compute the LoS channel

components are the same as in Fig. 2.

Fig. 3a depicts the correlation achieved by different θ with a

fixed N = 100. From (10), recall that θ = 0 implies static RIS

phase shifts equal to π. Under this condition, α in this result

is calculated by eq. (15) to obtain ρ[1000]|θ=0 = 0.9. For the

cases where θ > 0, the phase shifts distribution parameter θ is

calculated by eq. (17) to obtain a correlation of ρ̃ = 0.9 at the

time delays τ̃ ∈ {250, 500, 750}. This result shows that the

proposed method can change the temporal channel statistics

imposed by the environment. In the sequel, Fig. 3b depicts

the correlation obtained by different N . In this result, α is

calculated using the aforementioned method, but now to obtain

ρ[50]|θ=0,N=9 = 0.9. The values for N > 9 are calculated by

eq. (19) to yield a correlation of ρ̃ = 0.9 at the time delays

τ̃ ∈ {100, 200, 400}. Such a result reveals that a fast channel,

i.e., a channel with a fast decay correlation, can be slowed

down by increasing the number of elements of the RIS.

Fig. 4a shows the impact of θ and N in modifying the

correlation at |τ | = 100 as a function of α, representing

different environmental conditions. It demonstrates that the

correlation changes quickly with little change in α, justifying

the use of the AR(1) model to represent both slow- and

fast-fading channels. Then, Fig. 4b depicts the correlation at

|τ | = 100 as a function of κ and under different α. This result

reveals that high κ yields correlation values close to 1 due

to the significant increase on the power of the deterministic

part of the channel h̄ relatively to the stochastic one {ȟn}Nn=1.

In other words, as expected, the higher the κ parameter, the

lower the impact of the RIS in controlling the environment.

It is worth mentioning that low κ is typical in scenarios with

partially blocked LoS and/or environments with rich scattering.

0.980 0.986 0.992 0.998

0.2

0.4

0.6

0.8

1.0

(a) κ = 6 dB, Rx at (10, 10, 0)

-12 -9 -6 -3 0 3 6 9 12
0.2

0.4

0.6

0.8

1.0

(b) N = 100, θ = 0, Rx at (10, 2, 0)

Figure 4. Channel temporal correlation as a function of (a) α and (b) κ.

VI. TOWARDS A FLEXIBLE BLOCK-FADING MODEL

In this section, we extend the classical block-fading model

[14], [15] to account for the channel correlation control based

on the randomized framework proposed in Section IV. Define

a coherence block as a resource block consisting of a number

of subcarriers and time samples where the equivalent channel

response z can be approximated as constant and flat-fading.

Specifically, each coherence block has ∆c = BcTc complex-

valued samples, where Tc > 0 is the channel coherence

time. Moreover, the channel response (power gain) z of this

discrete-time channel follows a given distribution z ∼ fZ .

For example, for Rayleigh fading channels, fZ is exponential.

The RIS-enabled control discussed in Section IV can be used

to create coherent blocks with different lengths, where the

coherence time relates to the discrete-time interval τ̃ . Recall

that the channel coherence time is defined as the range of

time span values over which the channel ACF is approximately

nonzero [15]. Therefore, using the RIS to shape the ACF of the

equivalent channel is a path to control Tc and, consequently,

changing ∆c. This generation of coherence blocks with a

flexible number of samples can be done by setting θ and N
to obtain a project requirement p as described respectively

by eqs. (17) and (19). Particularly, this flexible block-fading

model can improve how the resources are leveraged, enabling

the on-demand creation of blocks according to the availability

of services with different performance requirements over time.

VII. CONCLUSION

In this paper, we have studied how an RIS can change

the temporal statistics of the wireless propagation channel

by analyzing the correlation among channel samples using

the introduced discrete-time-varying channel model. Then, we

proposed a randomized framework to control the relative chan-

nel coherence time by setting the number of RIS’ elements

and designing the distribution of their reflection coefficients,

whose effectiveness is corroborated by simulation results. Our

results demonstrate the possibility of redefining the resource

allocation problem as we know it today by creating a flexible

block-fading model based on the proposed framework.



APPENDIX A

PROOF OF THE ACF OF THE EQUIVALENT CHANNEL

Recalling that hD[k], g[k], h[k], and Ψ[k] are mutually

independent, the ACF of eq. (1) is given by the sum:

Rheqheq
[τ ] = E

{
heq[k]h

∗
eq[k − τ ]

}
= S1 + S2 + S3, (22)

where S1 = E {hD[k]h
∗
D[k − τ ]} , (23)

S2 = E

{ (
gT [k]Ψ[k]h[k]

)
× (24)

×
(
gT [k − τ ]Ψ[k − τ ]h[k − τ ]

)∗
}

, and

S3 = E

{

hD[k]
(
gT [k − τ ]Ψ[k − τ ]h[k − τ ]

)∗
}

+ (25)

+ E

{

h∗D[k − τ ]
(
gT [k]Ψ[k]h[k]

)}

.

Now we evaluate each term independently. Initially, due to the

model in (2) adopted for hD[k], S1 can be rewritten as:

S1 = E

{(
h̄D + ȟD[k]

) (
h̄D + ȟD[k − τ ]

)∗
}

=
∣
∣h̄D
∣
∣
2
+ E

{
ȟD[k]ȟ

∗
D[k − τ ]

}
+ (26)

+ E
{
h̄Dȟ

∗
D[k − τ ]

}
+ E

{
h̄∗DȟD[k]

}
.

Since h̄D is deterministic and ȟD[k] is an AR(1) random

process as per (3), the expectations are given respectively by:
{

E
{
ȟD[k]ȟ

∗
D[k − τ ]

}
= α

|τ |
hD
σ2
hD
,

E
{
h̄Dȟ

∗
D[k − τ ]

}
= E

{
h̄∗DȟD[k]

}
= 0.

(27)

So, S1 can be rewritten as:

S1 =
∣
∣h̄D
∣
∣
2
+ α

|τ |
hD
σ2
hD
. (28)

Expanding the multiplications in S2 results in

S2 =
∑N

n=1

∑N

n′=1 P1P2P3, (29)

where







P1 = E {gn[k]gn′ [k − τ ]} ,

P2 = E {hn[k]hn′ [k − τ ]} ,

P3 = E {ψn[k]ψn′ [k − τ ]} = Rψnψn
′
[τ ],

(30)

with Rψnψn
′

defined in eq. (7). From the model in eq. (2)

adopted for g[k] and h[k], and recalling that {gn[k]}Nn=1 and

{hn[k]}Nn=1 are mutually independent, P1 and P2 result

P1 =

{

|ḡn|
2 + α

|τ |
gnσ

2
gn
, if n = n′

ḡnḡ
∗
n′ , otherwise

, (31)

P2 =

{∣
∣h̄n
∣
∣
2
+ α

|τ |
hn

σ2
hn

, if n = n′

h̄nh̄
∗
n′ , otherwise

. (32)

While the results for n = n′ are based on the derivation of S1,

the results for n 6= n′ come from the mean of the time-variant

channel coefficient in eq. (4). Therefore, given the results for

P1, P2, and P3, we can rewrite S2 as:

S2 =
∑N

n=1

∑N

n′=1,n′ 6=n ḡnḡ
∗
n′ h̄nh̄

∗
n′Rψnψn

′
[τ ] + (33)

+
∑N

n=1

(

|ḡn|
2 + α

|τ |
gnσ

2
gn

)(∣
∣h̄n
∣
∣
2
+ α

|τ |
hn

σ2
hn

)

Rψnψn
[τ ].

In S3, the expectation of each multiplication can be rewrit-

ten as the multiplication of the expected value of each term:

S3 = h̄Dḡ
H
E {Ψ∗[k − τ ]} h̄∗ + h̄∗Dḡ

T
E {Ψ[k]} h̄. (34)

Expanding the results of the multiplications in the summations:

S3 = h̄D

N∑

n=1

ḡ∗nh̄
∗
nE {ψ∗

n[k − τ ]} + h̄∗D

N∑

n=1

ḡnh̄nE {ψn[k]} .

(35)

Considering that {ψn[k]}Nn=1 are wide-sense stationary (WSS)

random processes, S3 can be rewritten as:

S3 = 2R
{

h̄∗D
∑N

n=1 ḡnh̄nE {ψn[k]}
}

. (36)

Finally, substituting eqs. (28), (33), and (36) into eq. (22),

we obtain eq. (6), completing the proof.
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