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Abstract—In distributed massive multi-input multi-output
(DM-MIMO) systems, orthogonal pilot sequences are generally
utilized to acquire the channel state information (CSI). However,
this highly restricts the number of users simultaneously served. In
this paper, a pilot reuse within a single cell DM-MIMO system is
proposed to serve more users than the available pilot sequences.
The reuse in this strategy is applied so that maximum achiev-
able sum-rate is satisfied with the constraint of predefined pilot
resource. On this basis, two users in different subcells separated
by a large distance and satisfying a specific signal to interference
plus noise ratio (SINR) level can share the same pilot sequence.
An expression for SINR is derived for any pair of users who use
the same pilot. Based on this expression, an algorithm is proposed
to choose which pairs of users are able to use the same pilot
with the constraint of satisfying the minimum SINR required for
these users. The simulation results demonstrate that the uplink
achievable sum-rate for the proposed strategy is higher than both
cases when no pilot reuse or random pilot reuse are considered.

Index Terms—Distributed antenna system, distributed massive
MIMO system, pilot allocation, pilot contamination, pilot reuse.

I. INTRODUCTION

Wireless communication systems have continuously been
evolved to provide explosive spectral efficiency (SE) for meet-
ing the vast growth in wireless traffic. Distributed massive
multi-input multi-output (DM-MIMO) technology is an attrac-
tive direction to provide high data rates for future wireless
communication systems [1]–[3]. Distributed antennas system
(DAS) with spatially separated antennas provides power saving
and capacity merits over co-located antenna system (CAS) [4],
[5]. Combined with large antenna arrays of massive MIMO to
specially multiplex many users on the same channel resources
[6], [7], DM-MIMO was introduced to further enhance the data
rate performance. In DM-MIMO, multiple remote radiohead
(RRHs) are distributed over a cell and connected to a central
unit (CU) via high speed links, such as optical fiber. Each RRH
consists of multiple remote antenna units (RAUs). All the signal
precess operations are performed at the CU so that the multiple
RRHs can cooperatively communicate with the users in order
to improve system performance [1]–[3].

Accurate channel state information (CSI) for all the channels
between RRHs and users play an essential role in DM-MIMO
transmission. In order to obtain accurate CSIs in the CU,
orthogonal pilot sequences are generally employed for different
users [17]. In time-division duplexing (TDD) massive MIMO
transmission, CSIs can be acquired from the users’ uplink pilots
and uplink/downlink radio-channel reciprocity. This enables

allocating only a few uplink pilot transmission as the same
number of single-antenna users simultaneously served, to per-
mit training a large antenna array [8]–[10]. However, when
the number of users grows excessively, large pilot overhead
inevitably affects the system sum-rate. One of the possible
solutions for this problem is to reuse pilot radio resources
among sets of users with tolerable interference, which was first
discussed in [6].

Pilot reuse can cause pilot contamination, which limits
the quality of the channel estimation and degrades system
performance. In the literature, several approaches have been
introduced to mitigate pilot contamination when pilots are
reused among cells for different architectures of MIMO sys-
tems, including co-located massive MIMO [11]–[13], Network
MIMO [14] and small cells scenarios [15], [16]. Among these
researchers, the angle of arrival (AOA)-based methods have
assumed pilot reuse within the same cell in co-located massive
MIMO to reduce the pilot overhead [9], [10]. Nevertheless,
pilot reuse and pilot contamination analysis within a single
cell DM-MIMO system still need to be investigated. Where
DM-MIMO has a different structure from the above mentioned
systems, as mentioned earlier, and users in DM-MIMO can be
served by multiple RRHs. We also remark, unlike above men-
tioned works that reuse pilot in a fixed reuse pattern, this paper
considers a dynamic reuse strategy to allocate the same pilot
for a pair of users within the single cell after guarantee they
satisfy a specific SINR level. It is required in this strategy to
adaptively change the number of times of pilot reuse according
to the number of users or their locations.

This work suggests the pilot reuse within a single cell DM-
MIMO system in the uplink transmission. By applying pilot
reuse, maximum achievable sum-rate is satisfied with the con-
straints of fixed pilot resources and meeting the minimum SINR
requirements of users who share their pilots. The dynamic
pilot reuse strategy is proposed to allow the CU to estimate
the channel for additional users. This strategy is implemented
when the number of users is larger than the number of available
orthogonal pilot sequences. A cell is divided into a number of
subcells and a pair of users, each located in a different subcell,
are allowed to share the same pilot under this scenario. To
restrict the effect of intra-cell pilot contamination produced by
pilot reuse, it is assumed that a pilot is shared by two users,
and pilot reuse is only employed for a pair of users who satisfy
specific SINR requirements which means they need to be lo-



cated in sufficiently distant subcells and suffering only low pilot
contamination. An algorithm for pilot allocation is presented to
find the pairs of users that cope with these requirements. To
enable the algorithm to know the potential SINR, a formula for
the SINR is derived for any pair of users who share the same
pilot by supposing both minimum mean square error (MMSE)
channel estimator and detector. Simulation results verify the
effectiveness of the proposed strategy in terms of the uplink
achievable sum-rate compared with both no reuse case and
random pilot reuse case in the uplink DM-MIMO system.
Notations : In this paper, bold symbols refer to matrices

or vectors. (·)T , (·)∗ and (·)H denote transpose, conjugate and
Hermitian transpose respectively. E{·} means the expectation
operation, ‖ · ‖ represents the second-order norm and â is the
estimation value of a. IN denotes the N × N dimensional
identity matrix, and tr(A) is the trace of A. Finally, CM×N is
the set of complex matrices with M rows and N columns.

II. SYSTEM MODEL

The DM-MIMO architecture in a single cell with N hexag-
onal subcells is shown in Fig. 1. One RRH is located in the
center of each subcell. M antennas are equipped with each
RRH, and the total number of antennas in the cell is NM .
The set of antennas of the jth RRH is supposed as Mj .
Furthermore, RRHs are physically connected to CU through
high-speed links, where the CU performs the joint detection of
the received signals from multiple RRHs. It is further assumed
that the jth subcell has a set of active single-antenna users,
denoted by Kj and the total number of active users within the
cell is

∑N
j=1 |Kj | = K. It is also considered that M � |Kj |

for all RRHs, and active users are randomly distributed within
the cell.

TDD mode is assumed in this scenario, which indicates that
the CSI is the same for both uplink and downlink transmissions.
The channel estimation of the uplink channels is employed in
the CU with the received pilot signals, and the downlink chan-
nels are acquired by exploiting channel reciprocity. The time-
frequency resource units (RUs) are allocated within frames with
a length of Tc symbols andWc subcarriers. One time-frequency
RU is a unit of one subcarrier over one symbol period. The
number of the RUs per frame is S = TcWc. Within these S
RUs, B RUs are reserved for pilot sequences in each frame.
This leaves room for S−B RUs, which are split between uplink
and downlink data transmission. The set of pilot sequencesVVV is
defined as:

VVV = {v1, v2, ..., vk, ..., vB}, (1)

where each vk ∈ CB×1 in set VVV is mutually orthogonal with
each other, that is VVVHVVV = BIB [2], [17]. By transmitting these
pilot signals over B RUs, only B users are able to send their
pilots without interfering with each other [17].

We use the notation 〈j, k〉 to describe the kth user in the
jth subcell. By assuming both a small and a large scale fading
channel, the uplink channel response for user 〈j, k〉 to the mth

Fig. 1. Structure of a single cell DM-MIMO with 19 subcells and illustration
of the Pilot reuse strategy by supposing B = 8 and K = 11.

antenna in the ith RRH is given by:

g〈j,k〉,i,m = β
1/2
〈j,k〉,ih〈j,k〉,i,m, (2)

where β〈j,k〉,i represents the large scale fading coefficient be-
tween user 〈j, k〉 to the ith RRH, which consists of both the
path loss and the shadow fading. β〈j,k〉,i can be regarded the
same between user 〈j, k〉 and allM antennas of any RRH, but, it
is different for different users. Then, h〈j,k〉,i,m is the small scale
fading coefficient between the user 〈j, k〉 to the mth antenna in
the ith RRH, and it is assumed that each element of h〈j,k〉,i,m
is an i.i.d. complex Gaussian variable with zero mean and unit
variance. The channel response M × 1 vector from the user
〈j, k〉 to the ith RRH is given by

g〈j,k〉,i = β
1/2
〈j,k〉,i[h〈j,k〉,i,1, h〈j,k〉,i,2, ..., h〈j,k〉,i,M ]T , (3)

By assuming a synchronous pilot transmission from all the
active users, the received signal matrix of pilots at the ith RRH
is expressed as [12], [17], [18]

yp,i =
√
ρp

N∑
j=1

∑
k∈Kj

g〈j,k〉,iv
T
k + zp,i ∈ CM×B , (4)

where ρp is the transmit power for pilots. vk ∈ CB×1 is the pilot
signal transmitted by the kth user. In addition, zp,i ∈ CM×B is
complex additive white Gaussian noise with zero mean and unit
covariance variables.

The CU has the following observation of the channel from
user 〈j, k〉 to the ith RRH

ỹp,〈j,k〉,i =
1

√
ρpB

yp,iv
∗
k ∈ CM×B . (5)



III. SUM-RATE ANALYSIS

In some cases, there is a probability that K is larger than
the number of available pilot sequences (B). As a result, it is
proposed in this paper to allow pilot reuse among some users
within the same cell in order to serve more users when K
is larger than B. Therefore, a dynamic pilot reuse strategy is
suggested to permit a pair of users to share one pilot, meanwhile
different pilots are assigned for different pairs of these users. An
algorithm will be presented and explained later to determine the
selection of user pairs for pilot reuse. For the rest of the users,
no pilot reuse is considered, and unique pilot sequences will
be allocated to serve them. This is shown in Fig. 1, in which
it is considered that B = 8 and K = 11. This means that
K−B = 3, reusing three pilots is required to serve all the users
in Fig. 1. The users with unique pilot sequences are illustrated
with the black circles, and the pairs of users with reused pilot
sequences are represented by the same figures (square, triangle
and star), where each pair is marked with the same color (blue,
red and green). As a result, two groups of users will be created:
users with unique pilot sequences, and users with reused pilot
sequences. In order to obtain the channel estimation of these
users, the result of (5) for any user 〈j, k〉 should be calculated
[12], [18]

ỹp,〈j,k〉,i =
∑
k∈I

g〈j,k〉,i +
zp,iv∗k√
ppB

∀j, k, i, (6)

where I is the set that includes user 〈j, k〉 and the second user
sharing the same pilot with user 〈j, k〉, or it includes only user
〈j, k〉 in the case of no reuse.

Based on [19], CU computes the minimum mean squared
error (MMSE) estimation of user 〈j, k〉

ĝ〈j,k〉,i = β〈j,k〉,i(
∑
k∈I

β〈j,k〉,i +
1

√
ρpB

)−1ỹp,〈j,k〉,i ∀j, k, i,

(7)

where ĝ〈j,k〉,i ∼ CN (0,Φ〈j,k〉,iIM ), and Φ〈j, k〉, i is the same
between user 〈j, k〉 and all the antennas of any RRH, and it can
be defined as [9], [19]

Φ〈j,k〉,i = β2
〈j,k〉,i(

∑
k∈I

β〈j,k〉,i +
1√
ρpB

)−1 ∀j, k, i. (8)

The channel g〈j,k〉,i can be decomposed as g〈j,k〉,i =
ĝ〈j,k〉,i + g̃〈j,k〉,i, where g̃〈j,k〉,i is the estimated error and it is
statistically independent of ĝ〈j,k〉,i because of the orthogonality
property of MMSE estimation and the joint Gaussianity of both
vectors. The covariance of g̃〈j,k〉,i is ((β〈j,k〉,i − Φ〈j,k〉,i)IM ).

During the uplink data transmission, the received data signal
vector for the ith RRH can be written as

yd,i =
√
ρd

N∑
j=1

∑
k∈Kj

g〈j,k〉,ixk + zd,i ∈ CM×1, (9)

where ρd is the transmit power for data and all users have the
same transmit power, zd,i ∈ CM×1 is complex additive white

Gaussian noise with zero mean and unit covariance variables,
and x = [x1, x2, ..., xK ] ∈ CK×1 is the transmitted data signal
vector of all the K users.

It is assumed that the MMSE detection is applied in CU for
recovering user data, where the detector for user 〈j, k〉 at ith

RRH is given as [9], [19].

â〈j,k〉,i = (ĜĜ
H

+ Z +
1

ρd
IN )−1ĝ〈i,k〉,i, (10)

where the kth column of Ĝ is ĝ〈j,k〉,i and Z =∑N
j=1

∑
k∈Kj

E(g̃〈j,k〉,ig̃
H
〈j,k〉,i) is the covariance matrix of the

channel estimation errors.
It is assumed that users are only served by their nearest

RRHs. For a pair of users that shares the same pilot, the sets
of RRHs serving these two users should not overlap. This is
essential to enable the CU to recognize the estimated channel
for the users with pilot reuse, also the received signals from the
nearest RRHs are more effective compared with distant RRHs.
On this basis, only the CSIs from any user to the nearest RRHs
are needed in order to detect the signal of that user. However,
by referring to (10), it is still required to know the CSIs from
user 〈j, k〉 to all other RRHs in the cell to detect the signals
of these users by using MMSE. Therefore, the CSIs will be
measured from any user without pilot reuse to all the RRHs,
but only the nearest RRHs will be taken into account for data
transmission. On the other side, for users with pilot reuse, two
sets of RRHs will be considered. The first set, which is denoted
by Gk, represents the group of RRHs serving user 〈j, k〉. This
set is only considered for the purpose of detecting the signal of
user 〈j, k〉. The second set, which is denoted by Yk, represents
the largest possible set of nearest RRHs serving user 〈j, k〉 so
they do not overlap with the corresponding set of RRHs of
the second user whose pilot is shared with user 〈j, k〉. As an
example, to specify Yk for the pair 〈l, kl〉 and 〈q, kq〉 of users
shown in Fig. 1, both Ykl and Ykq are represented by the RRHs
that are located on the right and the left sides of the green
dashed line respectively. The aim of having Ykl is to provide
g〈l,kl〉,i, i ∈ Ykl for the detection purposes of the signals of
all the users within the subcells of Ykl . However, during the
detection of data signals of the users who are located within any
subcell of Ykl , the interference from the users with pilot reuse
who are located within the subcells of Ykq will be ignored as
g〈q,kq〉,i, i ∈ Ykq will not be available. This assumption can be
acceptable as these users, within the subcells of Ykq , are located
in far away subcells from the users of the subcells of Ykl .

Afterwards, the MMSE detection is applied in CU. The
estimated data symbol for user 〈j, k〉 is represented by [2]

x̂k =
∑
i∈Gk

âH〈j,k〉,iyd,i, (11)

Then, the ergodic achievable sum-rate for DM-MIMO sys-
tem can be obtained from [9], [10]



RT = (1− B

S
)

N∑
j=1

∑
k∈Kj

log2(1 + SINR〈j,k〉), (12)

where the SINR for user 〈n, kn〉, which represents a user who
has unique pilot sequence, is described in (13). Additionally, the
SINR for user 〈l, kl〉, whose pilot is reused with user 〈q, kq〉, is
presented in (14).

In order to simplify the SINR in both (13) and (14), the
deterministic equivalent analysis from [19] is employed here.
The results in [19] are asymptotic as the SINR formulas are
derived by considering that the number of antennas grows
considerably. According to [19, Theorem 5], the SINR for
MMSE beamformer is represented as shown in [19, equation
(25)]. This formula is modified to match the single cell DM-
MIMO scenario of this paper as shown in (15) and (16), for a
user without pilot reuse and a user with pilot reuse respectively.
Where the elements of the channel vector from any user to the
antennas of the base station in [19] are replaced by the channel
vector from the same user to all the antennas of all the RRHs,
except for users with pilot reuse as mentioned before. In the
denominator of both (15) and (16), the first term represents the
power of noise and the second term is the sum power of other
user interference and the third or the last term in (16) is the
pilot contamination. By utilizing [19, Theorem 1 and Theorem
2] to calculate the parameters δ〈j,k〉, µ〈j,k〉, θ〈j,k〉and T

′
. These

parameters depend on Z =
∑N
j=1

∑K
k=1 R〈j,k〉 − Φ〈j,k〉.

Where R〈j,k〉 is a diagonal matrix with the diagonal entries
of β〈j,k〉,i,m, where β〈j,k〉,i,m = β〈j,k〉,i for m ∈ Mi,
m = 1, ...,M , and m = 1, ..., N . The same for Φ〈j,k〉, which
is a diagonal matrix with the diagonal entries of φ〈j,k〉,i,m,
where φ〈j,k〉,i,m = φ〈j,k〉,i for m ∈ Mi, m = 1, ...,M , and
m = 1, ..., N . By employing [19, Theorem 1 and Theorem 2]
to calculate the parameters δ〈j,k〉,T

′
, µ〈j,k〉 and θ〈j,k〉, which

are all functions of R〈j,k〉 and Φ〈j,k〉. The expressions of these
parameters are not included here due to space limitation.

In this paper, the dynamic reuse strategy aims to allocate the
pilots for users (P〈i, k〉) with reusing pilots. This problem can
be formulated as

max
P〈i, k〉

E{RT } (17a)

s.t. SINR〈l,kl〉〈q,kq〉 ≥ γth (17b)

SINR〈q,kq〉〈l,kl〉 ≥ γth (17c)

|V| = B (17d)
Gkl ∩Gkq = Ø (17e)
Ykl ∩ Ykq = Ø (17f)

where p〈j,k〉 is the pilot used by user 〈j, k〉.
Maximum achievable sum-rate is satisfied (17a) by applying

the dynamic pilot reuse strategy. The reuse of the pilots between
the two users kl and kq located in different subcells, l and
q respectively, is considered. The constraints (17b) and (17c)
mean that each user that shares its pilot should satisfy the
minimum SINR requirement (γth). The threshold γth is chosen

according to the minimum SINR requirements of the users.
Although each user could have a different SINR requirement,
one threshold value is considered for all users for simplicity
purposes. In addition, constraint (17d) represents that only B
pilot sequences are available, so K should be larger than B to
apply the reuse. Furthermore, the number of times of reuse is s,
where 1 < s < η, η is min(Np, B), and Np equals K

2 if K is
even or (K2 − 1) if K is odd. For the rest of (K − 2s) users, no
reuse is considered. Finally, both (17e) and (17f) indicate that
the two sets Gkl and Gkq , and the sets Ykl and Ykq must not be
overlapped, as explained earlier.

IV. ALGORITHM FOR DYNAMIC PILOT REUSE

The long distance gap that can be found among some subcells
will be exploited to reuse a pilot between a pair of users each
located in a different subcell. An algorithm is presented in this
section to describe the procedures over which the selection
of these pairs of users is achieved. The pseudocode of this
algorithm is clarified in Algorithm 1. In this algorithm, a pilot
can be reused once with another user located in a different
subcell, and no pilot can be reused in the same subcell. The
purpose of reusing pilots once is to restrict the intra-cell pilot
contamination to one source for each user, especially as the
reuse happens within the same cell. The two users in each
pair should meet γth. No reuse will apply if no pair satisfies
the required γth, and only B users will be served in this case.
Algorithm 1 should update the pilot allocation for users every
time K changes or the location of the users changes.

The decision to select the pairs of users that able to share the
same pilot can be summarized in two stages: In the first stage,
a pair of users separated by maximum possible distance is first
chosen. Then, the potential SINRs are calculated for the two
users in this pair by supposing that the pilot for the first user is
reused by the second user. If the results of the potential SINRs
are not less than γth, then it is possible to allocate one pilot for
these two users.

The full explanation of Algorithm 1 can be described as
follows:

1) Initialization: In line 1, an initialization of the pilot
allocation is performed. The number of pairs of users that
use the same pilots (v) is also initialized.

2) User Pairs Classification: A search is achieved in line
2 for all the possibilities of user pairs configurations in
the cell, where each user in each pair should be located
in different subcells. In addition, no user can be located
in two different pairs. Afterwards, these possibilities of
pairs are ordered in [θ1, θ2, ..., θf , ..., θF ] according to the
separation distance between them, where θ1 represents
the pair with largest separation distance.

3) Users Selection: In line 4, the pair θ1 is initially chosen,
and the two users of this pair are considered as (〈l, kl〉
and 〈q, kq〉).

4) Pilot Reuse Condition: For the pair of users (〈l, kl〉
and 〈q, kq〉) selected in line 4, the potential values of
SINR〈l,kl〉〈q,kq〉 and SINR〈q,kq〉〈l,kl〉 are calculated based
on equation (16), which in turn depends on the large scale



SINR〈n,kn〉=
ρd(

∑
i∈Gkn

aH〈n,kn〉,iĝ〈n,kn〉,i)
2

ρd(
∑
i∈Gkn

aH〈n,kn〉,ig̃〈n,kn〉,i)
2 + ρd

∑N
j=1

∑
k∈Kj
k 6=kn

(
∑N
i=1 aH〈n,kn〉,ig〈j,k〉,i)

2 + (
∑N
i=1 aH〈n,kn〉,izd,i)

2
(13)

SINR〈l,kl〉〈q,kq〉=
ρd(

∑
i∈Gkl

aH〈l,kl〉,iĝ〈l,kl〉,i)
2

ρd(
∑
i∈Gkl

aH〈l,kl〉,ig̃〈l,kl〉,i)
2 + ρd(

∑
i∈Gkl

aH〈l,kl〉,ig〈q,kq〉,i)
2 + ρd

∑N
j=1

∑
k∈Kj
k 6=kl
k 6=kq

(
∑N
i=1 aH〈l,kl〉,ig〈j,k〉,i)

2 + (
∑N
i=1 aH〈l,kl〉,izd,i)

2

(14)

SINR〈n,kn〉=
δ2〈n,kn〉

1
ρd(NM)2

tr Φ〈n,kn〉T′
+ 1

(NM)2

∑N
j=1

∑
k=1
k 6=kn

µ〈n,kn〉
(15)

SINR〈l,kl〉〈q,kq〉=
δ2〈l,kl〉

1
ρd(NM)2

tr Φ〈l,kl〉T′
+ 1

(NM)2

∑N
j=1

∑
k=1
k 6=kl

µ〈l,kl〉 + |θ〈q,kq〉|2
(16)

Algorithm 1 Algorithm for dynamic pilot reuse
INPUT: System parameters: K, M , B, N , η and threshold
value γth;
Large scale fading coefficients β〈j,k〉,i.
OUTPUT: Pilot allocation: {P〈i, k〉}.

1: {P〈i, k〉} = 0, v = 0, f = 1.
2: In descending order, sort all the possible configurations

of users pairs into [θ1, θ2, ..., θf , ..., θF ] according to the
separation distance.

3: while v < η OR f < F do
4: for a pair of users (〈l, kl〉 and 〈q, kq〉) with order θf do
5: if SINR〈l,kl〉〈q,kq〉 ≥ γth AND SINR〈q,kq〉〈l,kl〉 ≥ γth

then
6: p〈l, kl〉 = p〈q, kq〉.
7: Increment number of reuse v = v + 1.
8: Increment pair order f = f + 1.
9: Go to line 4.

10: else
11: Increment pair order f = f + 1.
12: Go to line 4.
13: end if
14: end for
15: end while
16: if v = η OR f = F then
17: Randomly allocate the rest of pilots.
18: end if

fading coefficients (β〈j,k〉,i). Also, (16) includes the ef-
fect of the estimation error on the SINR of users because
of pilot reuse. These values of SINRs are compared with
γth. If both of them are larger than or equal γth, one pilot
will be allocated for the two users p〈l, kl〉 = p〈q, kq〉, as
shown in line 6. Later, a new pair of users is selected and
tested (Steps 8-9 or 11-12).

5) Pilot Reuse Termination: As shown in line 3, the above
procedures to reuse pilots will be repeated a number of
times equal to η or when all the pairs of users are tested
(f=F). The parameter v in line 7 counts how many pilots

are reused. When v equals η or when all pairs of users are
tested, reusing pilots will be terminated. It is necessary
needed here to allocate the remaining pilots, if there is,
randomly as shown in lines 16 and 17. For users with
unique pilots, data rates can be calculated based on the
SINR values computed from equation (15).

The worst case for Algorithm 1 from the complexity aspect
is to search over all the combinations of user pairs to find the
pairs that can meet the pilot reuse condition. The number of
pair combinations for K users is

∑K−1
i=1

i. This is less than the
complexity of the pilot allocation algorithms of other works,
such as [15]. Some examples are shown in Table 1 to compare
the complexity of Algorithm 1 with that of the algorithm of
[15] by supposing minimum pilot reuse factor (τ = 2), which
is the simplest case from the complexity side in [15].

TABLE I
COMPLEXITY COMPARISON

K = 12 K = 16
Algorithm 1 66 120
Algorithm of [15] 156 272

V. SIMULATION RESULTS

The performance of the dynamic pilot reuse strategy in
the uplink of single cell TDD DM-MIMO system is evalu-
ated in this section. Some of the simulation parameters are
listed in Table 2. The users are randomly distributed in the
cell where each subcell contains a different number of users.
The large scale fading coefficient β〈j,k〉,i can be calculated as
β〈j,k〉,i = z〈j,k〉,i/(d〈j,k〉,i/ro)

α, where z〈j,k〉,i represents the
shadow fading and it obeys a log-normal distribution, which is
represented by, 10 log10(z〈j,k〉,i) ∼ CN (0, σshad), and d〈j,k〉,i
is the distance between user 〈j, k〉, i to the ith RRH [6].

In Fig. 2, the uplink achievable sum-rate is plotted for the
proposed reuse strategy with B = 8, S = 32, M = 20,
|Gk| = 2 and K changes from 6 to 16. When K = 6 or 8,
no reuse is applied as K ≯ B. While when K = 16, all the
8 pairs of users could reuse their pilots depending if they meet
the reuse condition. For comparison purposes, the no reuse case



TABLE II
SIMULATION PARAMETERS

Parameter Value
Number of subcells or RRHs N 19
Cell radius R 2000m
Normalize radius ro 100m
Decay exponent α 3
Shadow fading standard deviation σshad 8 dB
Transmit power for pilots ρp 40 dBm
Transmit power for data ρd 40 dBm
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Fig. 2. Achievable uplink sum-rate versus the number of users.

and the random pilot reuse case are also shown in Fig. 2. In
the no reuse case, unique pilot is allocated for each user, this
meansB = K is assumed in all values ofK. Furthermore, pilot
reuse is applied randomly in the case of random pilot reuse,
where B is also constant as in the proposed strategy. The same
value of the number of times of reuse of the dynamic strategy
is considered for random pilot reuse case as well. However,
random pilot allocation is performed for random pilot reuse
without taking into account the separation distance between
the two users in each pair, and without applying the SINR
constraints. As shown, the achievable sum-rate of the dynamic
reuse strategy outperforms the no reuse case and random pilot
reuse case. This is because of the effectiveness of the proposed
reuse strategy and also because of the prelog factor (1− B

S ) in
(12), which is constant for the dynamic pilot reuse case for any
value of K since B is constant as well. On the other hand, the
prelog factor (1− B

S ) is reduced as K increases in the no reuse
case, where a greater part of the transmission frame is employed
for the pilot signalling and a smaller part is allocated for data
transmission. Although B is also constant for the random pilot
reuse case, the random reuse for pilots can lead to severe intra-
cell pilot contamination. This is particularly occurred when a
pair of users with low separation distance shares the same pilot,
and reduces the achievable sum-rate performance.

Fig. 3 shows the uplink achievable sum-rate for the dynamic
reuse strategy versus the number of users with S = 32,M = 20
and for various values of SINR thresholds γth = 1dB, 5dB
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Fig. 3. Uplink achievable sum-rate versus the number of users at different
values of threshold γth.
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Fig. 4. Uplink achievable sum-rate versus the number of users at different
various lengths of Gk .
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and 10dB. The achievable sum-rate of the dynamic pilot reuse
strategy is better with less values of γth as more pairs can
easily satisfy the small values of γth. In the opposite, few pairs
of users can meet the high values of γth. This indicates that
through γth, a trade-off can be performed between the number
of users that can be served and pilot interference.

Fig. 4 plots the uplink achievable sum-rate for the dynamic
reuse strategy versus the number of users with S = 32,M = 20
and for various lengths of Gk = 1, 2, 3 and 4. The rate
performance of dynamic reuse strategy is generally improved
as |Gk| increases, where more of the nearest RRHs will serve
the users. Thus, more uplink signals for these users will be
coherently detected by the CU. However, when |Gk| is highly
increased, as when |Gk| = 3 or 4, the two sets of Gk of a pair
of users that shares a single pilot will be closer to each other.
Hence, more pilot contamination will be received from close
RRHs, and this will negatively affect the sum-rate performance
especially when high pilot reuse is needed when K is high.

Finally, the uplink achievable sum-rate for the dynamic reuse
strategy is shown in Fig. 5, by supposing B = 8 and S = 32
with M = 1, 10, 20, 50 and 100, and for three cases (K =
8, 12 and 16). It is obvious that the sum-rate performance is
continuously improved by increasing the number of antennas.
This indicates that it is possible to reuse more pilots if larger
number of antennas is utilized.

VI. CONCLUSION

In this paper, a dynamic pilot reuse strategy in a single cell
TDD DM-MIMO system was proposed. Firstly, an achievable
uplink sum-rate expression was derived for any pair of users
who share the same pilots. After that, an algorithm was sug-
gested to decide which pairs of users have acceptable potential
data rate levels in order to allocate the same orthogonal pilot for
them. The proposed strategy was shown to have better uplink
achievable sum-rate performance compared with the no reuse
case and random pilot reuse case.
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