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Abstract—This paper proposes a new multiple access tech-
nique based on the millimeter wave lens-based reconfigurable
antenna systems. In particular, to support a large number of
groups of users with different angles of departures (AoDs),
we integrate recently proposed reconfigurable antenna multiple
access (RAMA) into non-orthogonal multiple access (NOMA).
The proposed technique, named reconfigurable antenna NOMA
(RA-NOMA), divides the users with respect to their AoDs and
channel gains. Users with different AoDs and comparable channel
gains are served via RAMA while users with the same AoDs but
different channel gains are served via NOMA. This technique
results in the independence of the number of radio frequency
chains from the number of NOMA groups. Further, we derive
the feasibility conditions and show that the power allocation for
RA-NOMA is a convex problem. We then derive the maximum
achievable sum-rate of RA-NOMA. Simulation results show that
RA-NOMA outperforms conventional orthogonal multiple access
(OMA) as well as the combination of RAMA with the OMA
techniques.

I. INTRODUCTION

Global mobile data traffic is projected to grow exponentially

in the coming several years. A similar trend is foreseen for the

number of users. Specifically, fifth generation (5G) networks

are envisioned to serve more than one million users per

km2 [1]. To meet these demands, millimeter wave (mmWave)

communications and non-orthogonal multiple access (NOMA)

have emerged as two key technologies.

The large unused spectrum available at the mmWave band

(30-300 GHz) offers a great potential for the transmission of a

substantial volume of data. Short wavelength of the mmWave

band allows for employing a huge number of antenna elements

at small space. To exploit this unique property, several designs

have been proposed for mmWave systems. In one design, each

antenna element is connected to one radio frequency (RF)

chain which is called digital beamforming system. The system

achieves a high throughput, however, is costly both in terms

of hardware complexity and power consumption. To support

multiple streams while keeping the hardware complexity low,

hybrid beamforming systems are proposed [2]. In this design,

each RF chain is connected to the antennas via phase-shifters

(PSs). In another design, the antennas are positioned on the

surface of a lens and associated with RF chains via a switch

network. Such a system is termed beamspace multiple-input

multiple-output (MIMO) [3]. The above systems mostly focus

on improving the spectral efficiency in the mmWave spectrum,

however, they fail to overcome severe path loss and shadowing.

To this aim, recently, the concept of lens-based reconfig-

urable antenna MIMO (RA-MIMO) has been introduced for

mmWave communications [4], [5]. In lens-based antennas,

each RF chain is connected to just one reconfigurable antenna.

Further, each reconfigurable antenna is able to steer multiple

independent beams.

NOMA is another enabling technology for 5G. NOMA in

the power domain uses superposition coding at the transmit-

ter and successive interference cancellation at the receiver

to simultaneously serve multiple users and enhance spectral

efficiency in multi-user scenarios [6], [7]. In mmWave commu-

nications, due to high path loss, users with different locations

experience considerably different channel gains. This implies

that mmWave systems better suit power domain NOMA which

offers better spectral efficiency compared to that of orthogonal

multiple access (OMA) techniques. In light of this, several

groups have studied the integration of NOMA in mmWave

systems, i.e., mmWave-NOMA [8], [9]. However, the major

limitation with the current mmWave-NOMA technique is that

the number of RF chains is the same as the number of NOMA

groups. This limits the number of simultaneously supported

user groups.

In our previous work [10], we have shown that the rate

performance of a multiuser system with a lens-based recon-

figurable antenna [4] is degraded when NOMA is applied.

To tackle this issue, a new technique named reconfigurable

antenna multiple access (RAMA) was proposed in [10]. Al-

though RAMA achieves a higher sum-rate than both OMA

and NOMA, its operation is limited to only one user per beam.

To overcome this limit, we propose a new multiuser technique

which integrates RAMA and NOMA, and is referred to as RA-

NOMA. In RA-NOMA, each antenna element is connected

to all RF chains. Users are grouped into two different sets

based on the angle of departures (AoDs) and the users’ channel

gain. The users with different AoDs and comparable channel

gains are supported via RAMA while the users with the same

AoDs but different channel gains are served via NOMA. This

technique introduces a new degree of freedom for grouping

the users without adding RF chains. We show that, the multi-

beam NOMA power allocation problem can be transformed

into a convex problem over one beam. Further, the feasibility
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the power allocation to maximize the sum achievable rate

under the total power and individual minimum rate constraints

for users as follows

maximize
p

NB
ÿ

k“1

NRF
ÿ

i“1

Rik (10a)

subject to

NRF
ÿ

i“1

pi ď Pmax, (10b)

Rik ě R̄ik,@i, k, (10c)

p ě 0, (10d)

where, Pmax is the maximum transmit power of the system

and R̄ik denotes the minimum (required) rate at User pi, kq.

The defined power allocation problem above can ensure user

fairness by assuming the same minimum rate requirement for

all users in the constraint (10c).

Lemma 1. The maximum of minimum rate requirement in the

ith RAMA group defines the minimum power requirement for

the ith RF chain.

Proof. See Appendix A.

Using Lemma 1, it is easy to show that each beam achieves

the same transmission rate. Therefore, the power optimization

problem in (10) is transformed into the power allocation over

one beam. We define R̄i “ max
k

R̄ik, |hi| “ |hi,k|, for k P

t1, . . . , NBu, and ai “
řNRF

l“i pl. Considering the above, the

optimization problem over one beam is as follows.

maximize
p

NRF
ÿ

i“1

log
2

˜

|hi|
2ai ` σ2

α

|hi|2ai`1 ` σ2

α

¸

(11a)

subject to

NRF
ÿ

i“1

pi ď Pmax, (11b)

|hi|
2ai ` σ2{α ě 2

R̄i

`

|hi|
2ai`1 ` σ2{α

˘

,@i,
(11c)

p ě 0. (11d)

The optimization problem in (11) has a feasible solution if

there is any distribution of p such that satisfies the minimum

rate requirements while meeting the constraint in (11b). There-

fore, we consider minimizing the total transmission power with

rate constraints for users as

minimize
p

‖p‖
1

(12a)

subject to Ri ě R̄i,@i. (12b)

We define the answer to the optimization problem in (12)

as p˚ and the feasibility condition of problem (11) becomes

‖p˚‖
1

ď Pmax. Due to lack of space, we use the results in [14]

for solving (12) and the optimal power for the p˚
i can be

derived as

p˚
i “

˜

NRF
ÿ

l“i`1

p˚
l `

σ2

α|hl|2

¸

´

2
R̄i ´ 1

¯

. (13)

Therefore, the optimal value of (12) is ‖p˚‖
1

“
řNRF

i“1
p˚
i . By

some manipulations we have

‖p˚‖
1

“
NRF
ÿ

l“1

´

Π
l´1

m“1
2
R̄m

¯ ´

2
R̄l ´ 1

¯

σ2

α

|hl|2
ď Pmax, (14)

as the feasibility condition of the optimization problem in (11).

The objective function in (11a) is proved to be concave

in [15]. Since the constraints in (11) are linear, the optimiza-

tion problem is convex. Therefore, the solution of the problem

can be found by solving the Karush-Kuhn-Tucker (KKT)

conditions [16]. The Lagrangian function of the problem (11)

is given by

L pp, γ,βββq “
NRF
ÿ

i“1

log
2

˜

|hi|
2ai ` σ2

α

|hi|2ai`1 ` σ2

α

¸

` γ

˜

Pmax ´
NRF
ÿ

i“1

pi

¸

`
NRF
ÿ

i“1

βi

ˆ

|hi|
2ai `

σ2

α
´ 2

R̄i

ˆ

|hi|
2ai`1 `

σ2

α

˙˙

,

(15)

where, γ and βββ “ rβ1, . . . , βNRF
sT are the non-negative

Lagrangian multipliers associated with (11b) and (11c), re-

spectively. From this point, the KKT conditions and solution

is the same as [15]. Therefore, to save space and avoid

replication, we just state the results of the solution as follows

‚ The Lagrange multiplier γ is greater than zero and con-

straint (11b) holds with equality.

‚ The Lagrange multipliers βi for i “ 1, . . . , NRF´1 are

greater than zero and the solution of the problem depends

on the multiplier βNRF
.

‚ If βNRF
ą 0, the constraint (11c) holds with equality for

i “ 1, . . . , NRF and the optimal value of problem (11)

(maximum achievable rate for one beam) is
řNRF

i“1
R̄i and

if βNRF
“ 0, the optimal value is as follows

log
2

ˆ

1 `
αPmax|hNRF

|2

σ2Π
NRF´1

i“1
2R̄i

´
řNRF´1

i“1

|hNRF
|2p2R̄i´1q

|hi|2Π
NRF´1

l“i
2
R̄l

˙

`
NRF´1

ÿ

i“1

R̄i.

(16)

Consequently, the optimal value of problem (10) is that of

problem (11) multiplied by NB .

V. SIMULATION RESULTS

In this section we evaluate the performance of the proposed

RA-NOMA by using numerical analysis. We consider 12

users to be served by RA-NOMA. The users are scheduled

in three RAMA groups and four beams as shown in Fig. 2.

The minimum rate requirements are considered to be equal

and set to R̄i,k “ 0.2 (b/s/Hz). We define transmit signal-

to-noise ratio (SNR) as the normalized transmit power with

respect to σ2. We assume that the users in RAMA groups

have |h|2{σ2 “ t0,´5,´10u dB.

The performance of RA-NOMA is compared with two

access methods: OMA and RAMA-OMA. Table I provides

the number of required RF chains and time slots for the




