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Abstract—In this paper, a novel full-duplex non-coherent (FD-
NC) transmission scheme is developed for massive multiple-input
multiple-output (mMIMO) systems using analog beamforming
(ABF). We propose to use a structured Grassmannian constella-
tion for the non-coherent communications that does not require
channel estimation. Then, we design the transmit and receive
ABF via the slow time-varying angle-of-departure (AoD) and
angle-of-arrival (AoA) information, respectively. The ABF design
targets maximizing the intended signal power while suppressing
the strong self-interference (SI) occurred in the FD transmission.
Also, the proposed ABF technique only needs a single transmit
and receive RF chain to support large antenna arrays, thus, it
reduces hardware cost/complexity in the mMIMO systems. It is
shown that the proposed FD-NC offers a great improvement in
bit error rate (BER) in comparison to both half-duplex non-
coherent (HD-NC) and HD coherent schemes. We also observe
that the proposed FD-NC both reduces the error floor resulted
from the residual SI in FD transmission, and provides lower BER
compared to the FD coherent transmission.

Index Terms—Full-duplex, non-coherent, massive MIMO,
analog beamforming, self-interference cancellation, mmWave.

I. INTRODUCTION

M ILLIMETER wave (mmWave) and massive multiple-
input multiple-output (mMIMO) have been considered

as enabling technologies for the fifth-generation (5G) and
beyond wireless communication networks [1]. The shorter
wavelengths in the mmWave frequency bands allow the large
antenna array utilization in the practical mMIMO systems.
By means of high beamforming gain, mMIMO with large
antenna arrays can focus the signal energy in the intended
direction to enhance the spectral efficiency and combat the
limited scattering propagation in the mmWave channels.

Although fully-digital beamforming (FDBF) is considered
in the conventional MIMO systems [2], its application in
mmWave mMIMO is not feasible due to the large channel
estimation overhead and immense hardware cost/complexity.
Since FDBF requires a dedicated expensive/power-hungry
radio frequency (RF) chain for each antenna. Recently, ana-
log beamforming (ABF) is widely investigated for mmWave
mMIMO systems, which employs only a single RF chain to
support large antenna arrays and performs the beamforming
via low-cost phase-shifters at the RF-stage [3]–[5].

Full-duplex (FD) communications can further extend the
expected impacts of the mmWave mMIMO systems since it
theoretically doubles the capacity via simultaneous transmis-
sion and reception over the same frequency band. Although
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FD is severely affected by the strong self-interference (SI),
the recent developments in SI cancellation (SIC) techniques
make it more practical [5]–[9]. For instance, the experiment
results in [8] show that the antenna isolation based SIC can
achieve up to 74 dB cancellation on the strong near-field
SI channel. Recently, a hybrid digital/analog beamforming
(HBF) based SIC technique is developed for the FD mMIMO
systems in [9], which only utilizes the slow time-varying
angular information of the SI channel (i.e., the instantaneous
SI channel knowledge is not required). Also, [5] investigates
the ABF design for FD mMIMO systems, where the authors
assume the availability of full-size intended and SI channels
to develop the transmit/receive ABF.

The majority of works on the beamforming design assume
a priori channel state information (CSI) for coherent commu-
nications. However, the pilot-based CSI acquisition consumes
a substantial portion of the channel coherence block especially
for the large dimensional channels in mMIMO [10]. When a
communication system does not rely on a priori CSI, so-called
non-coherent, the entire coherence block can be exploited for
data transmission. In [11], half-duplex non-coherent (HD-NC)
transmission using a structured Grassmannian constellation
is studied for single-input multiple-output (SIMO) systems,
where HD-NC enjoys the pilot-free transmission and provides
better error performance compared to HD coherent scheme.

In this paper, we develop a new full-duplex non-coherent
(FD-NC) communications for mMIMO systems with ABF.
A structured Grassmannian constellation is employed for the
symbol detection without a priori CSI. The proposed trans-
mit/receive ABF technique is based on the slow time-varying
angular information, where our targets are maximizing the
intended signal power and suppressing the strong SI. It is
shown that the proposed FD-NC achieves lower bit error rate
(BER) than FD coherent, HD-NC and HD coherent schemes,
especially for higher transmission rates.

The rest of this paper is organized as follows. Section II
introduces the system model and structured Grassmannian
constellation. Section III describes the channel model. We
propose the ABF design in Section IV. After the illustrative
results in Section V, the paper is concluded in Section VI.

II.SYSTEM MODEL AND GRASSMANNIAN CONSTELLATION

A. System Model

Fig. 1 represents the FD-NC mMIMO system model, where
two users with large uniform linear arrays (ULAs) employ
analog beamforming (ABF). Specifically, the user i ∈ {1, 2}



Fig. 1: Full-duplex non-coherent mMIMO systems with ABF.

has a transmit ULA with Mi antennas and a receive ULA
with Ni antennas. At the RF-stage, we utilize the low-cost
phase-shifters to build the transmit ABF (i.e., fi ∈ CMi ) and
receive ABF (i.e., wi ∈ CNi ). Hence, each user requires only
a single transmit and receive RF chain to reduce the hardware
cost/complexity. As seen from Fig. 1, an antenna isolation
block is placed between transmit and receive ULAs to suppress
the strong SI resulted from the FD transmission [8].

The channel is assumed to be flat fading during coherence
block of Q symbol intervals. Fig. 2 demonstrates four possible
transmission schemes based on the CSI requirement and
duplexing mode of communication system. First, the proposed
new FD-NC transmission is applied without any pilot signal-
ing, where each interval is utilized for two-way simultaneous
data communications. Second, when HD non-coherent (HD-
NC) transmission is utilized as in [11], the entire coherence
block is reserved for one-way data communications (i.e., either
from user 1 to user 2, or from user 2 to user 1) without a priori
CSI. On the other hand, the coherent transmission schemes
require to estimate the channel periodically in each coherence
block. Thus, for coherent transmission, we need to reserve at
least one interval within each coherence block to send pilot
symbols for channel estimation when using HD transmission,
and two pilot intervals when using FD transmission. Hence,
Q− 1 and Q− 2 intervals are used for data communications
in HD and FD coherent transmission, respectively, whereas
all Q intervals are exploited for data communications in both
FD-NC and HD-NC.

The transmitted signal during a coherence block by user i
is defined as Si = fix

T
i ∈ CMi×Q, where xi ∈ CQ is the

data symbol vector1. Here, the transmitted signal is generated
based on unit average power constraint per each interval. Given
a unit-norm transmit ABF vector (i.e., fHi fi = 1), the data
symbol vector satisfies E

{
||Si||2F

}
= E

{
||xi||2

}
= Q. Before

the receive ABF, the received signal matrix at user j ∈ {1, 2}
during a coherence block is written as:

Yj =
√
ρHiSi +

√
ρHSI,jSj + Zj ∈ CNj×Q, ∀j 6= i, (1)

where ρ ≥ 0 is the transmit power, Hi ∈ CNj×Mi is the
channel from user i to user j, HSI,j ∈ CNj×Mj is the SI

1In Section II-B, we present a structured Grassmannian constellation to
construct the symbol vector xi for non-coherent transmission. For the coherent
communications, QAM can be utilized to generate each element of xi.

Fig. 2: Transmission schemes.

channel at user j, Zj ∈ CNj×Q is the complex circularly
symmetric Gaussian noise matrix whose entries follow the
distribution of CN

(
0, σ2

z

)
. After applying the receive ABF

at user j, the combined signal is obtained as:

ỹTj = wT
j Yj

=
√
ρwT

j Hifix
T
i +
√
ρwT

j HSI,jfjx
T
j + wT

j Zj

=
√
ρh̃ix

T
i︸ ︷︷ ︸

Intended Signal

+
√
ρh̃SI,jx

T
j︸ ︷︷ ︸

Self-Interference

+ z̃Tj︸︷︷︸
Noise

,
(2)

where h̃i = wT
j Hifi is the effective intended channel,

h̃SI,j=wT
j HSI,jfj is the effective SI channel, z̃j=wT

j Zj∈CQ
is the modified noise vector after the receive ABF.

B. Structured Grassmannian Constellation

We follow a particular structured Grassmannian constella-
tion design, called cube-split [11], where Q Grassmannian
cells are formed to construct the data symbol vector x ∈ CQ.
First, a single dimension of x is exploited for the selection of
cells C1, · · · , CQ. The Voronoi region associated with the cell
Cq with q = 1, · · · , Q is defined as:

Cq =
{

x = [x1, · · · , xQ]
T

: |xq| > |xp|,∀p 6= q
}
. (3)

The other Q − 1 complex elements of x are converted to
2 (Q− 1) real coefficients to parameterize any points on a cell.
Hence, 2 (Q− 1) real coefficients define an Euclidean space
with 2 (Q− 1) dimensions. To form a grid on each cell, each
dimension is regularly divided in the interval [0, 1]. When Bv
bits with v = 1, · · · , 2 (Q− 1) are used to characterize the vth

dimension, the set Av of uniformly spaced points maximizes
the minimum distance in the corresponding dimension:

Av =

{
1

2Bv+1
,

3

2Bv+1
, · · · , 2Bv+1 − 1

2Bv+1

}
, (4)

where 2Bv points are uniformly spread on the interval [0, 1].
The points in Av are labeled via Gray encoding so that the
neighboring points differ by exactly one-bit. Then, a mapping
function generates the data symbol vector from a given cell
having 2 (Q− 1) dimensional Euclidean space. By using (3)
and (4), the set of data symbol vectors is defined as:

X =
{

x = rq (a) : q = 1, · · · , Q, a ∈ ⊗2(Q−1)
v=1 Av

}
, (5)



where rq (·) is the mapping function, ⊗2(Q−1)
v=1 Av represents

the Cartesian product of the sets of Av given in (4). It is
worthwhile to remark that each element of a ∈ R2(Q−1) is in
the interval of [0, 1]. Thus, the cube-split constellation contains
Q2B1+B2+···+B2(Q−1) possible data symbol vector x ∈ CQ. If
the coherence block length Q is a power of 2, each data symbol
vector generated via cube-split constellation carries:

B = log2 (Q) +

2(Q−1)∑
v=1

Bv [bits] , (6)

bits of information in each coherence block. In order to
express the mapping function given in (5), we first define
wk = 1√

2
N−1(a2k−1) + j√

2
N−1(a2k) ∈ C and tk =√

1−exp(−|wk|2)
1+exp(−|wk|2)

wk
|wk| ∈ C with k = 1, · · · , Q − 1, where

N (a) =
∫ a

0
1√
2π
e−y

2/2dy is the cumulative distribution
function (CDF) of standard normal distribution and N−1(·)
is its inverse. Afterwards, the mapping function is defined as:

rq (a)=

√√√√√ Q

1+
Q−1∑
k=1

|tk|2
[t1,· · ·, tq−1,1, tq,· · ·, tQ−1]

T ∈CQ,
(7)

where |tk| < 1 and the location of largest magnitude element
depicts the selected Grassmannian cell as shown in (3). Here,
each data symbol vector satisfies the aforementioned power
constraint E

{
||x||2

}
= Q. Also, the mapping function given

in (7) is bijective. Thus, for a given data symbol vector x with
q = arg maxp |xp|, the inverse mapping function is written as:

a = r−1
q (x)

s.t. t =

[
x1

xq
, · · · , xq−1

xq
,
xq+1

xq
, · · · xT

xq

]T
∈ CQ−1,

wk =

√
log

1 + |tk|2

1− |tk|2
tk
|tk|

,

a2k−1 = argmin
a∈A2k−1

∣∣∣a−√2N (Re (wk))
∣∣∣ ,

a2k = argmin
a∈A2k

∣∣∣a−√2N (Im (wk))
∣∣∣ .

(8)

In the proposed FD-NC mMIMO systems, the data symbol
vectors x1 and x2 are generated via the cube-split constellation
expressed in (5) and (7). By using (2), the combined signal
at user j can be simply decoded by applying the maximum
likelihood (ML) decoder given as:

x̂i,ML = argmax
x∈X

∣∣ỹTj x
∣∣2 , i, j ∈ {1, 2} , j 6= i. (9)

To avoid high complexity ML decoder for the large con-
stellation size, we employ a low-complexity greedy decoder
[11], where the inverse mapping function is applied to the left
singular vector of the combined signal given in (2). In other
words, we first find û = argmaxu∈CQ,‖u‖=1 |ỹTj u|, then the
cell index and position on the corresponding cell are decoded
as q̂ = arg maxp |up| and â = rq̂ (û) by using (8). Here, both

TABLE I: Cube-split constellation for Q = 2, B1 = B2 = 1.

Data
Bits

Cq aT w1 t1 xT

000 C1
[
1
4
,1
4

]
−0.48−j0.48 −0.33−j0.33 [1.28,−0.43−j0.43]

001 C1
[
1
4
,3
4

]
−0.48+j0.48 −0.33+j0.33 [1.28,−0.43+j0.43]

010 C1
[
3
4
,1
4

]
+0.48−j0.48 +0.33−j0.33 [1.28,+0.43−j0.43]

011 C1
[
3
4
,3
4

]
+0.48+j0.48 +0.33+j0.33 [1.28,+0.43+j0.43]

100 C2
[
1
4
,1
4

]
−0.48−j0.48 −0.33−j0.33 [−0.43−j0.43, 1.28]

101 C2
[
1
4
,3
4

]
−0.48+j0.48 −0.33+j0.33 [−0.43+j0.43, 1.28]

110 C2
[
3
4
,1
4

]
+0.48−j0.48 +0.33−j0.33 [+0.43−j0.43, 1.28]

111 C2
[
3
4
,3
4

]
+0.48+j0.48 +0.33+j0.33 [+0.43+j0.43, 1.28]

ML and low-complexity greedy decoder are applied without a
priori CSI for the non-coherent communications.

Table I presents the constellation points x ∈ C2 based on
the cube-split constellation for Q = 2 and B1 = B2 = 1,
where B = log2 (Q) +B1 +B2 = 3 bits are transmitted in a
coherence block. Here, the first data bit selects a Grassmannian
cell C1 or C2, then the last two data bits determine the position
on corresponding cell. For instance, when the first data bit
is 0, the first cell C1 is chosen and we have |x1| > |x2|.
Otherwise, |x2| > |x1| is valid if the first data bit is 1. On
the other hand, there are 2 (Q− 1) = 2 dimensions in each
Grassmannian cell, where each dimension is characterized via
B1 = B2 = 1 bit with A1 = A2 =

{
1
4 ,

3
4

}
as shown in (4).

Hence, the last two bits are used to construct a = [a1, a2]
T .

Specifically, as shown from Table I, the second and third data
bits correspond to a1 and a2, respectively. For a given a1 and
a2, one can calculate w1 = 1√

2
N−1(a1) + j√

2
N−1(a2) and

t1 =
√

1−exp(−|w1|2)
1+exp(−|w1|2)

w1

|w1| . Finally, each data symbol vector x

is calculated by substituting t1 into (5) and (7).

III. CHANNEL MODEL

Based on the 3D geometry-based mmWave channel model
and ULA structure, the channel matrix from user i to user j
is defined as follows [9], [12]–[14]:

Hi =

L∑
l=1

βi,l√
ατηi,l

φr,i (ϕj,l)φ
H
t,i (θi,l) = Φr,jGiΦt,i, (10)

where L is the total number of paths, βi,l ∼ CN
(
0, 1

L

)
and τi,l

are respectively the path gain and distance for the lth path, η
is the path loss exponent. The reference path loss is defined as
α = 32.4+20 log10 (fc) in dB, where the carrier frequency fc
is in GHz [14]. Hence, Gi=

1√
α

diag
(
βi,1√
τηi,1

,· · ·, βi,L√
τηi,L

)
∈CL×L

is the diagonal path gain matrix. Moreover, Φt,i ∈ CL×Mi is
the transmit phase response matrix with the rows of:

φt,i(θi,l)=
[
1,e−j2πd cos(θi,l),· · ·,e−j2πd(Mi−1) cos(θi,l)

]
, (11)

where d = 0.5 is the normalized half-wavelength distance
between antennas, θi,l ∈

[
θi − δθi , θi + δθi

]
is AoD at user i for



the lth path with mean θi and spread δθi . Then, Φr,j ∈ CNj×L
is the receive phase response matrix with the columns of:

φr,j(ϕj,l)=
[
1, ej2πd cos(ϕj,l),· · ·,ej2πd(Nj−1) cos(ϕj,l)

]T
, (12)

where ϕj,l ∈
[
ϕj − δϕj , ϕj + δϕj

]
is AoA at user j for the lth

path with mean ϕj and spread δϕj .
As illustrated in Fig. 3, the SI channel includes the residual

near-field SI channel with the line-of-sight (LoS) paths and the
far-field SI channel with the non-line-of-sight (NLoS) paths
[9], [13]. We denote by D1 (D2) the vertical (horizontal)
distance between the transmit and receive ULAs normalized by
the wavelength, and Θ the rotation angle of the receive ULA
with respect to the transmit ULA. The antenna isolation block
reduces the SI channel power, especially the strong near-field
components. Thus, the complete SI channel matrix at user i
is modeled as follows:

HSI,i = HLoS,i + HNLoS,i ∈ CNi×Mi , (13)

where HLoS,i ∈ CNi×Mi is the residual near-field SI channel,
HNLoS,i ∈ CNi×Mi is the far-field SI channel. Based on the
spherical wavefront2, we define the near-field SI channel as:

HLoS,i [n,m] =
κ

∆m→n
e−j2π∆m→n , (14)

where m = 1, · · · ,Mi and n = 1, · · · , Ni are the index
of transmit and receive antennas, respectively, ∆m→n is the
distance between the corresponding antennas, κ is the normal-
ization scalar to satisfy 10 log10

(
E ‖HLoS,i‖2F

)
= −PIS,dB as

the residual near-field SI channel power. Here, PIS,dB is the
amount of SIC achieved by the antenna isolation3. According
to the array configuration in Fig. 3, the distance between mth

transmit and nth receive antenna elements is calculated as:

∆m→n =
(

[D1 + (m− 1) d+ cos (Θ) (n− 1) d]
2

+ [D2 + sin (Θ) (n+ 1) d]
2
) 1

2

.
(15)

On the other hand, we consider the 3D geometry-based
mmWave channel model for the far-field SI channel HNLoS,i
since the planar wavefront is applicable for the NLoS paths.
Similar to (10), the far-field SI channel is modeled as:

HNLoS,i = ΦSI,r,iGSI,iΦSI,t,i, (16)

where GSI,i = 1√
α

diag
(

βSI,i,1√
τηSI,i,1

, · · · , βSI,i,LSI√
τηSI,i,LSI

)
∈ CLSI×LSI

with LSI paths, ΦSI,r,i ∈ CNi×LSI and ΦSI,t,i ∈ CLSI×Mi are
the receive and transmit phase response matrices, respectively.
Here, we consider the mean AoA (AoD) ϕSI,i (θSI,i) and the
AoA (AoD) spread δϕSI,i (δθSI,i) to build the corresponding
phase response matrices.

2Because of the short distance between transmit/receive ULAs, the spherical
wavefront is more realistic than the planar wavefront for HLoS,i [9], [13].

3When there is no antenna isolation, we have PIS,dB = 0 dB and the unity
power near-field SI channel, i.e., E

{
‖HLoS,i‖2F

}
= 1. On the other hand,

when the antenna isolation block achieves PIS,dB = 20 dB SIC, the average
residual near-field SI channel power is measured as E

{
‖HLoS,i‖2F

}
= 0.01.

Fig. 3: Transmit and receive antenna array configuration.

IV. ANALOG BEAMFORMER DESIGN

Throughout this section, we develop the transmit/receive
analog beamformer (ABF) for the FD-NC mMIMO systems.
Here, we have three primary objectives: (i) design ABF
without instantaneous CSI for non-coherent communications,
(ii) maximize the intended signal power, (iii) suppress the SI
power. Regarding the first objective, the transmit/receive ABF
is developed via the slow time-varying AoD/AoA parameters4.

By using (2) and (10), the effective channel is rewritten as:

h̃i = wT
j Hifi = wT

j Φr,jGiΦt,ifi. (17)

Regarding the second objective, the transmit (receive) ABF
should belong to the subspace spanned by Φt,i (Φr,j) for
maximizing the intended signal power given in (2), i.e.,
Span (fi) ⊂ Span (Φt,i) and Span (wj) ⊂ Span (Φr,j). From
(10), (11) and (12), we define AoD and AoA supports for the
intended channel as:

AoDi =
{

cos (θ) | θ ∈
[
θi − δθi , θi + δθi

]}
,

AoAj =
{

cos (ϕ) | ϕ ∈
[
ϕj − δϕj , ϕj + δϕj

]}
.

(18)

On the other hand, by combining (2), (13) and (16), we define
an approximate zero condition for the effective SI channel as:

h̃SI,j = wT
j HSI,jfj = wT

j (HLoS,j + HNLoS,j) fj

= wT
j ΦSI,r,jGSI,jΦSI,t,jfj + wT

j HLoS,jfj ≈ 0.
(19)

After suppressing the near-field LoS part of SI channel via
antenna isolation, the far-field NLoS part of SI channel become
dominant [8]. Thus, regarding the third objective, the transmit
(receive) ABF should be in the null space of ΦSI,t,i (ΦSI,r,j)
for suppressing the SI power, i.e., Span (fj) ⊂ Null (ΦSI,t,j)
and Span (wj) ⊂ Null (ΦSI,r,j). Similar to (18), the AoD and
AoA supports for the SI channel are respectively defined as:

AoDSI,j =
{

cos (θ)
∣∣θ ∈ [θSI,j − δθSI,j , θSI,j + δθSI,j

]}
,

AoASI,j =
{

cos (ϕ)
∣∣ϕ ∈ [ϕSI,j − δϕSI,j , ϕSI,j + δϕSI,j

]}
.

(20)

To cover the complete AoD and AoA supports, we define the
quantized angles as λm,i = −1 + 2m−1

Mi
with m = 1, · · · ,Mi

and γn,i = −1 + 2n−1
Ni

with n = 1, · · · , Ni. Also, by using
(11) and (12), the transmit and receive steering vectors at user

4As shown in [15], a geospatial data-based offline estimation technique can
be utilized to efficiently acquire the mean AoD/AoA and their spread instead
of applying the traditional online channel sounding.



TABLE II: Simulation parameters.
Antenna Array Size M = N = 64

Coherence Block Length Q ∈ {2, 4}
Average Bits per Coherence Block B ∈ {3, 5, 8, 14}
Carrier Frequency [14] fc = 28 GHz
Bandwidth [14] 100 MHz
Reference Path loss [14] α = 61.34 dB
Path Loss Exponent [14] η = 2.1

Noise PSD [9] −174 dBm/Hz
Number of paths [14] L = LSI = 20

Transmit/Receive Array Configuration D1 = 2, D2 = 0, Θ = 0

Number of Network Realizations 108

Hi: Mean AoD/AoA θi = 105◦, ϕi = 65◦

Hi: AoD/AoA Spread [14] δθi = δϕi = 5◦

HSI,i: Path Distance τSI,i ∈ [5, 15]

HSI,i: Mean AoD/AoA θSI,i = 20◦, ϕSI,i = 160◦

HSI,i: AoD/AoA Spread [14] δθSI,i = δϕSI,i = 5◦

i are constructed as et,i (λm,i) = 1√
Mi

φHt,i
(
cos−1 (λm,i)

)
and er,i (γn,i) = 1√

Ni
φ∗r,i

(
cos−1 (γn,i)

)
, respectively. For

maximizing the intended signal power and suppressing the far-
field SI channel power, we first derive the optimal quantized
angle for the transmit ABF vector at user i as:

λopt
i = argmax

λm,i

‖Φt,iet,i (λm,i)‖22

s.t. λm,i ∈AoDi, λm,i /∈AoDSI,i, m = 1, · · · ,Mi.
(21)

Similarly, the optimal quantized angle for the receive ABF
vector at user j is obtained as:

γopt
j = argmax

γn,j

∥∥eTr,j (γn,j) Φr,j

∥∥2

2

s.t. γn,j ∈ AoAi, γn,j /∈ AoASI,j , n = 1, · · · , Nj .
(22)

Finally, we find the transmit and receive ABF vectors as:

fi = et,i
(
λopt
i

)
, wj = er,j

(
γopt
j

)
. (23)

V. ILLUSTRATIVE RESULTS

This section presents Monte Carlo simulation results for
evaluating bit error rate (BER) of the proposed full-duplex
non-coherent (FD-NC) mMIMO systems. We also compare
its performance with other reference transmission schemes
displayed in Fig. 2. Table II outlines the simulation setup
according to the recent 3GPP Release 16 specifications [14].
It is worthwhile to remark that B denotes the average number
of bits transmitted by each user per coherence block.

Fig. 4 shows the BER of FD-NC, HD-NC5 [11] and HD
coherent transmission schemes versus transmit/receive ULA
size, where each user transmits B = 3 bits on average
per coherence block length of Q = 2. Here, we consider
PIS,dB = 74 dB antenna isolation as in [8]. FD-NC requires
only B1 = B2 = 1 bit per each dimension in the cube-
split constellation according to (6). In the HD-NC scheme,
the same average transmission rate of B = 3 bits is achieved,
when one HD user transmits 2.5 bits per coherence block

5Albeit HD-NC is proposed for single-input multiple output (SIMO)
systems in [11], we here adopt it for mMIMO via the proposed ABF design.

Fig. 4: BER performance versus array size (Q=2, B=3 bits).

via B1 = B2 = 2, while other HD user sends 3.5 bits per
coherence block via B1 = B2 = 3. For the HD coherent
transmission with Q = 2, the first symbol interval is exploited
for the pilot-based channel estimation, then the data signal
is transmitted in the second symbol interval. Thus, each user
should use 64-QAM to ensure the same average transmission
rate of B = 3 bits per coherence block. Also, the coherent
receivers apply minimum mean square error (MMSE) estima-
tor6 to estimate the effective intended channel h̃i given in (2).
Numerical results show that even though the antenna isolation
provides PIS,dB = 74 dB SIC for the near-field SI signal, FD-
NC with small transmit/receive antenna arrays severely suffers
from the dominant far-field SI signal. For example, when we
have a single-input single-output (SISO) system, i.e., M =
N = 1, FD-NC has the BER value of 0.5 independent from
transmit power ρ. The main reason is the lack of beamforming
capability, which prevents the cancellation of dominant far-
field SI channel (please see (19)). As the array size increases,
the proposed ABF technique further enhances the SIC quality,
which reduces the detection error of FD-NC. Thus, the error
performance of FD-NC improves for larger arrays in mMIMO
systems. Then, it outperforms both of its HD counterparts.
To illustrate, FD-NC has lower BER values in every transmit
power scenarios for M = N ≥ 16. Also, HD-NC achieves
better error performance than the HD coherent scheme in every
transmit power and array size scenarios.

In Fig. 5, we investigate the effect of antenna isolation on
FD-NC via varying PIS,dB between 40 dB and 80 dB, where
each user has M = 64 transmit and N = 64 receive antennas.
For coherence block of Q = 2 symbol intervals, Fig. 5(a) and
Fig. 5(b) illustrate the BER curves versus the transmit power
for B = 3 and B = 5 bits, respectively. In Fig. 5(a) for B = 3
bits, we observe a 7.6 dB performance gap between FD-NC
and HD-NC at the BER value of 10−3. Furthermore, when
the transmission rate increases to B = 5 bits in Fig. 5(b), the
performance gap is greatly enlarged to 13.5 dB for the benefit

6According to (2) and Fig. 2, the received pilot signal after receive ABF
is written as ỹj =

√
ρh̃i + zj with zj ∼ CN

(
0, σ2

z

)
. Then, the MMSE

channel estimation is obtained as ĥi =
√
ρ

σ2
z+ρ

ỹj [16].



(a) B = 3 bits (b) B = 5 bits

Fig. 5: BER performance versus transmit power (Q = 2).

of FD-NC. Because the simultaneous FD transmission requires
a smaller constellation size compared to its HD counterparts.
Regarding the HD transmission with B = 3 bits (B = 5
bits), the non-coherent scheme requires 0.5 dB (1.1 dB) less
transmit power to achieve the same BER value in the coherent
scheme. It is seen that FD-NC converges to an error floor as
the transmit power increases due to the residual SI. The error
floors can be lowered based on the antenna isolation capability.
For instance, the error floor for B = 3 bits can be reduced
from 10−4 to 4 × 10−6 by enhancing the antenna isolation
from PIS,dB = 50 dB to PIS,dB = 70 dB. Moreover, when the
antenna isolation increases, the error floor is monitored in the
higher transmit power regime, where we obtain lower BER.

Fig. 6 compares the error performance of FD-NC and FD
coherent schemes, where the coherence block length is Q = 4.
From (6), B = 8 bits (B = 14 bits) are transmitted by each
user per coherence block, when each FD-NC user employs
Bv = 1 bit (Bv = 2 bits) to characterize the vth dimension of
the cube-split constellation with v = 1, · · · , 6. On the other
hand, the FD coherent users keep the first two symbol intervals
for the pilot-based channel estimation as shown in Fig. 2.
Thus, the FD coherence users utilize 16-QAM (128-QAM)
signaling in the last two symbol intervals of coherence block
to satisfy the transmission rate of B = 8 bits (B = 14 bits) per
coherence block. The promising numerical results show that
the proposed FD-NC has lower error floor in every investigated
scenarios than the FD coherent scheme. Also, FD-NC achieves
2.8 dB and 5.8 dB performance improvement compared to the
FD coherent for B = 8 and B = 14 bits, respectively.

VI. CONCLUSIONS

This paper has proposed a novel full-duplex non-coherent
(FD-NC) transmission scheme for mMIMO systems using
analog beamforming (ABF). For the non-coherent commu-
nications, a structured Grassmannian constellation has been
proposed for the symbol detection without a priori CSI.
We have developed the transmit and receive ABF via the
slow time-varying AoD/AoA information. Thus, the proposed
ABF technique does not require the instantaneous CSI. The
numerical results imply that as the array size increases, the
proposed FD-NC remarkably improves the error performance

(a) B = 8 bits (b) B = 14 bits

Fig. 6: BER performance versus transmit power (Q = 4).

compared to both half-duplex non-coherent (HD-NC) and
HD coherent schemes. Furthermore, compared to the FD
coherent transmission, the proposed FD-NC achieves better
error performance, and reduces the error floor observed in the
high transmit power regime.
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