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ABSTRACT Sparse code multiple access (SCMA) is one of the promising candidates for new radio access
interface. The new generation communication system is expected to support massive user access with
high capacity. However, there are numerous problems and barriers to achieve optimal performance, e.g.,
the multiuser interference and high power consumption. In this paper, we present optimization methods
to enhance the spectral and energy efficiency for SCMA with individual rate requirements. The proposed
method has shown a better network mapping matrix based on power allocation and codebook assignment.
Moreover, the proposed method is compared with orthogonal frequency division multiple access (OFDMA)
and code division multiple access (CDMA) in terms of spectral efficiency (SE) and energy efficiency (EE)
respectively. Simulation results show that SCMA performs better than OFDMA and CDMA both in SE
and EE.

INDEX TERMS Dual method, energy efficiency, SCMA, spectral efficiency, QoS.

I. INTRODUCTION
In the history of mobile communication network devel-
opment [1], multiple access technique has evolved from
frequency division multiple access (FDMA), time divi-
sion multiple access (TDMA) and code division multiple
access (CDMA) to orthogonal frequency division multiple
access (OFDMA), where a fundamental cornerstone is the
orthogonality of resource block (RB). However, in the next
generation of mobile communication system, the demand for
massive connection, low latency, high spectral efficiency and
energy efficiency has become a vital necessity. Indeed, this
scenario maymake a turning point from orthogonality to non-
orthogonality [2], [3]. The author in [4] discussed the energy
efficiency in CDMA networks for M-QAM (Quadrature
Amplitude Modulation) modulation using a game-theoretic
framework, taking into consideration of the constellation
size that maximizes the EE while satisfying the (QoS) con-
straint. Correspondingly, Kastrinogiannis et al. [5] debated
the effect of efficient power allocation in uplink CDMA
system using Nash equilibrium theory, to optimize the frame-
work and the tradeoffs between users overall throughput
performance while fulfilling the QoS requirements. Besides,
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Gunturi and Paganini [6] presented a non-cooperative game
theory for power control problem in CDMA wireless net-
works, for both the single cell and multicell case together
with a base station assignment and hand-off scheme for the
multi-cell scenario respectively. Similarly, [7] addressed the
problem of efficient utility based power control with convex
pricing in uplink CDMA network, taking into consideration
of satisfying QoS prerequisites. An efficient power allocation
obtained via using a game theoretical framework with convex
pricing of users transmission power, results in analytically a
Pareto efficiency.

Sparse code multiple access (SCMA) as a potential
non-orthogonal multiple access technique is the key tech-
nology of the 5th generation mobile communication sys-
tems (5G). It allows multiple users share the same RB and
offers 300% overloading number of user access links [8].
Fig. 1 shows the evolution from OFDMA to SCMA.

SCMA first introduced in [8], is developed from the low
density signature (LDS). In SCMA the user codeword is
mapped directly into the layer vector, while in LDS, the user
codeword is repeated in layer vector element. Therefore
SCMA has shapping gain compared with LDS. SCMA has
sparsity in spreading sequences, which allows to use a near
optimal message passing algorithm (MPA) to decode. A sys-
tematic approach to optimize the SCMA codebooks has been
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FIGURE 1. From OFDMA to SCMA.

proposed in [9] based on the design principles of lattice
constellations. Futhermore, a resource allocation scheme for
SCMA has been proposed in [10].

Reference [11] evaluated the SCMA average spectral effi-
ciency (SE) with adaptive codebooks based on star-QAM
signaling constellations, while [12] tested the spectral
efficiency improvement for three 5G key performance
indices. Reference [13] compared the spectral-efficiency in
SCMA system with three operational scenarios to evalu-
ate their SE performance. Besides, [14] presented 5G radio
access technologies for very large number of links, which
was achieved by SCMA based on optimized sequence design.
In addition to analysis and optimization of spectral effi-
ciency studies, SCMA is also compared with the existing
techniques [15] for the practical performances. It is shown
that SCMA outperforms OFDMA in terms of throughput
and coverage in practical scenarios. The SCMA area spectral
efficiency for cellular network is analyzed via stochastic
geometry in [16] and [17], which shows that SCMA is a
competitive technique for 5G massive access. Reference [18]
discussed resource allocation and spectrum efficiency for
5G technology, highlighting the optimal selection of subcar-
rier assignment for each user.

On the other hand, the SCMA energy efficiency (EE) is
also extensively investigated in literatures such as [19], [20]
and [21]. An attempt was taken in [22] which maximizes the
SCMA rate and energy efficiency for the wireless powered
communication networks. Similarly, [23] analyzes the energy
efficiency for non-orthognal multple access network by pro-
viding an analytic framework, which is also used to derive and
simulate the SCMA energy efficiency in the uplink scheme.
Through simulation and prototype measurement, [24] inves-
tigated a method to solve the EE maximization problem with
sum rate requirements. Since EE maximization problem is
a non-convex fractional programming problem [25], we use
symbol transformation and utilize Dinkelbach method to
transfer the non-convex problem to a convex problem and
derive the global maximum by using an iterative method.

In this paper, we will investigate the spectral efficiency and
energy efficiency of SCMA with an individual rate require-
ment, which have not been studies before. Since it is diffcult
to derive the analytic solution of the SE and EE optimization
problem, we developed iterative methods to solve the SE
and EE optimization problem. Since EE maximization is

a non-convex problem, the Dinkelbach method is used to
transfer the non-convex problem to a convex problem and
then solved by iterative method. Simulations show that the
SCMA outperforms CDMA and OFDMA both in the terms
of SE and EE with QoS.

II. RELATED WORKS
In [23], the EE of uplink SCMA network was analyzed and
a comparison was made between the performance of average
block error rate (BLER) and EE for the SCMA scheme and
LTE-A. The obtained simulation results demonstrate that
the SCMA scheme is capable of aggregating more users
in the uplink network to support the massive connectivity
requirements for 5G systems with reasonable energy con-
sumption. In addition to considering equal transmit power of
nonzero elements for all users, a fixed factor graph matrix is
also used in this reference for problem analysis. The code-
book assignment and optimal power allocation for downlink
SCMA is investigated in [26]. The obtained simulation results
reveal that the SCMA network significantly outperforms the
OFDMA network in term of EE. Moreover, in [27], resource
allocation for EE maximization of layered multicast in down-
link SCMA network, by separating codebook assignment and
power allocation was considered.

Reference [22] investigated the rate and energy maxi-
mization problem in SCMA networks with simultaneous
wireless information and power transfer. In [24] cooperative
co-evolutionary particle swarm optimization (CCPSO) was
applied to solve the EE maximization problem for uplink
SCMA network. In [28] the Lagrange dual decomposition
method and Dinkelbach theory to solve the non-convex opti-
mization problem to maximize the EE for SCMA downlink
systems is employed, based on which a three-level power
allocation to improve the sum capacity for SCMA down-
link system is proposed in [29]. The authors in [30] pro-
posed a computationally efficient algorithm to maximize the
global energy efficiency (GEE) with subject to both maxi-
mum power and minimum transmission rate constraints in
the multi-carrier wireless interference network. Finally, it is
converted into a non-convex fractional problem and was tack-
led through an interplay of fractional programming based on
Dinkelbach algorithm, fixed-point learning and the general-
ized game theory. In [31] the EE problem was approximately
decomposed into some independent convex sub-problems by
applying the fractional programming theory and using the
coordinate descent method, and the closed-form solutions of
each sub-problem are derived. Reference [24] evaluates EE
of the network using the power allocation matrix without
considering different path-loss. On the other hand, solving
the resource allocation problem using separate subcarrier
assignment and power allocation [32] is useful in analyzing
downlink SCMA EE, especially in reducing the computa-
tional cost [26]. Moreover, [28] employs the water-filling
algorithm to solve the non-convex power allocation optimiza-
tion problem to evaluate the performance of downlink SCMA
in term of EE with fixed factor graph. Briefly, we need to
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develop optimal resource allocation algorithms for uplink
SCMA scheme by incorporating the factor graph matrix opti-
mization to increase energy efficiency that meets 5G network
requirements. The aim of this paper is to maximize the EE
for an uplink SCMA system where the path-losses between
each user and the base station (BS) are not necessarily equal.
The EE optimization problem involving subcarrier assign-
ment and power allocation is a non-convex mixed-integer
non-linear program (MINLP) problem [33]. To reduce the
computational cost, we separate subcarrier assignment and
power allocation. A fast subcarrier assignment algorithm
with power equally distributed is proposed to determine an
energy efficient optimal and of low-complexity factor graph
matrix. For specified factor graph matrix, a power allocation
algorithm is proposed for EE maximization, which is decom-
posed into convex sub-problems by applying the fractional
programming theory based on Dinkelbach method.

III. SYSTEM MODEL
Consider a scenario of single-cell uplink in SCMA networks
withK users,N subcarriers andM codebooks, where the base
station (BS) and users are equipped with a single antenna.
The sets of users and subcarriers are respectively denoted by
K={1, 2, . . . ,K } andN={1, 2, . . . ,N }. SCMA codebook and
subcarriers are the basic resource units [8], [15], similar as
OFDMA [32], [34]. Consider overloading access, the user K
is greater than the subcarrier N , and K/N is called overload-
ing rate. Each user has a codebook and each codeword of
size N in the codebook has sparsity. Let d be the non-zero
element in a codeword. Then d � N .

The SCMA system network diagram with 6 users and
4 subcarriers is shown in Fig. 2. Each user k has a codebook
with 4 dimensional codewords, where each dimension of
the codeword uses one subcarrier. All 6 transmitted code-
words (xk1, xk2, xk3, xk4) are combined into the sequence
(s1, s2, s3, s4). Because of the sparsity of SCMA codeword,
the receiver can use message passing algorithm (MPA) to

FIGURE 2. SCMA system network block diagram.

detect multi-user. For MPA receiver, codewords allocated
to different layers can be regarded as orthogonal resources,
so the interference only occurs among users using the same
layer.

The SCMAuplink system, withminimum rate requirement
of all users, aims to maximize the total system rate, and
establishes an optimal mathematical model for the power
allocation and SCMA layer allocation problem. Based on the
advocacy of green communication, it is desirable to minimize
the transmission power of the system under certain communi-
cation guarantees. Therefore, the power allocation scheme is
needed. The important content of the research needs to man-
age the power resources reasonably and effectively according
to the specific optimization objectives.

Set up M codebook labels. Set an SCMA codebook and
its associated subcarriers can be regarded as a layer of
SCMA resources. So there are N SCMA layer resources
on each time-frequency resource. Therefore, different users
obtain multiple access by sharing time-frequency resources
on SCMA layer. The codebook size is defined by the length of
the codeword and the number of non-zero elements. Assume
that the number of SCMA layers in a time-frequency resource
block is m, and the number of subcarriers is n. Indicator
variable cnm represents themapping between the SCMA layer
m and the subcarrier n. So if layer m occupies subcarrier n,
then cnm = 1, otherwise 0.

Define S =
{
sk,m

}
as SCMA layer distribution matrix,

where sk,m = 1 when layer m is assigned to user k , otherwise
sk,m = 0. Define P =

{
pk,m

}
as power allocation matrix.

Then, the total power can be written as

Ptot =
K∑
k=1

M∑
m=1

sk,mpk,m. (1)

The power ratio factor assigned to user k using subcarrier n
on SCMA layer m is defined as αn,m, where 0 < αn,m < 1
and

∑N
n=1 αn,m = 1. Then the SNR [35], [36] of user k over

layer m is

SNRk,m =

∑N
n=1 αn,mpk,mhk,n

σ 2
k

, (2)

where hk,n is the channel state information from user k to base
station on subcarrier n, σ 2

k represents the noise power to user k
with white additive Gaussian noise. Therefore, the achievable
rate of user k is

Rk =
M∑
m=1

sk,m log2(1+ SNRk,m). (3)

IV. SCMA SPECTRAL EFFICIENCY WITH QoS
In order to maximize the network rate, we take into con-
sideration the constraints of QoS (Quality of Service). Let
wk denote the weight factor, Rreqk be the minimum data rate
requirement of user k , and Pmax be the maximum trans-
mission power of system. The optimization model can be
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established as follows.

max
P,S

K∑
k=1

wkRk ,

s.t. C1 : Rk ≥ R
req
k , ∀k,

C2 : Ptot ≤ Pmax,

C3 :

K∑
k=1

sk,m ≤ 1, ∀m,

C4 : sk,m ∈ {0, 1} , ∀k,m,

C5 : pk,m ≥ 0, ∀k,m. (4)

The physical meaning of the optimization problem (4) is to
jointly consider SCMA layer allocation and power allocation,
by maximizing the network capacity. The constraint C1 guar-
antees that the data rate of each user is lower-bounded for
fairness. The constraint C2 requires that the total transmis-
sion power is below the maximum transmission power. The
constraint C3 and C4 jointly ensure that each SCMA layer
is allocated to one user at most. Constraint C5 is made to
ensure that the layer allocated by the user is powered. Note
that problem (4) is a mixed integer optimization problem.

We use the Lagrange dual decomposition method to solve
the optimization problem (4). Let X = {xk,m|xk,m =

pk,msk,m}. Its partial Lagrange function is

L (X , S, λ, µ)

=

K∑
k=1

[
wkRk + λk (Rk − R

req
k )
]
+ µ(Pmax

− Ptot ), (5)

where λ = {λ1, λ2, . . . , λk} and µ are Lagrange multipliers.
Then its dual problem is

min
λ,µ

max
X ,S

L(X , S, λ, µ), ∀λ,µ ≥ 0. (6)

The optimal
{
pk,m

}
can be obtained by finding the partial

derivative of (6) and making it equal to zero, i.e.,

∂L
∂pk,m

= 0. (7)

Then the optimal power can be calculated as follows.

p̂k,m =

[
wk + λk
µ ln 2

−
σ 2
k∑N

n=1 αn,mhk,n

]+
, (8)

where [x]+ = max(0, x), means that its takes x if x > 0
the value is x and 0 otherwise. Using the derived optimal
power p̂k,m and variable relaxing method, consider the partial
derivative of L with respect to sk,m.

∂L
∂sk,m

= Hk,m, (9)

where

Hk,m = (wk + λk ) log2

(
1+

∑N
n=1 αn,mp̂k,mhk,n

σ 2
k

)

−
wk + λk
ln 2

×

∑N
n=1 αn,mp̂k,m

hk,n
σ 2
k

+

N∑
n=1

αn,mp̂k,mhk,n − µp̂k,m. (10)

Then m will be assigned to the user k• with the maximum
Hk,m, i,e.,

ŝk•,m = 1|k•=argmaxkHk,m , ∀m. (11)

Subsequently, the Lagrangian multipliers λ and µ can be
updated by the following formulas.

λk (l + 1) = [λk (l + 1)− β(Rk (l)− R
req
k )]+,

µ(l + 1) = [µ(l + 1)− β(Pmax
− Ptot (l))]+, (12)

where β is the iteration step size. Through iterations of (8),
(11) and (12), the optimal solution of (5) can be obtained,
where one of the metric for the convergence of the itera-
tion is such that maxkHk,m close to 0. This is summarized
in Algorithm 1.

Algorithm 1 SCMA Spectrum Efficiency
Initialization the multipliers λk (0) and µ(0), tolerance ε;
Step 1: Update p̂k,m by (8),
Step 2: Update ŝk,m by (10) and (11),
If maxHk,m > ε

Then l = l + 1, goto Step 1,
End If
Output p̂k,m, ŝk,m.

V. SCMA ENERGY EFFICIENCY WITH QoS
In this section, to maximize the energy efficiency of the
system, the objective function is established. Based on the
quasi-convex optimization theory, the objective function is
analyzed, and a joint power and SCMA layer assignment
algorithm is proposed, which improves the network energy
efficiency while satisfying all individual users’ QoS require-
ments. The total power consumption of the SCMA system is

P = ε0Ptot + P0, (13)

where the coefficient ε0 is the power amplifier factor, and P0
is the circuit power. According to (1), (2) and (3), the system
energy efficiency (EE) is defined by

ηEE =
R
P
=

∑K
k=1 Rk

ε0
∑K

k=1
∑M

m=1 sk,mpk,m + P0
. (14)

Based on the system model, the energy efficiency of
power-constrained single cell multi-user networks is planned
by joint power allocation and codebook allocation, and for-
mulated as follows.

max
P,S

∑K
k=1 Rk

ε0
∑K

k=1
∑M

m=1 sk,mpk,m + P0
,

s.t. C1 : Rk ≥ R
req
k , ∀k,

C2 : Ptot ≤ Pmax ,
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C3 :

K∑
k=1

sk,m ≤ 1,∀m,

C4 : sk,m ∈ {0, 1} , ∀k,m,

C5 : pk,m ≥ 0, ∀k,m. (15)

In the optimization problem (15), the constraint C1 guar-
antees that individual user’s rate meets its minimum rate
requirement satisfying the QoS, C2 requires that the total
transmission power is not greater than its maximum trans-
mission power, C3 and C4 ensures that each user can allocate
up to one layer of SCMA resources, and lastly C5 ensures the
power allocated by users to SCMA layer is non-negative.

The optimization problem (15) is a fractional program-
ming problem with combinatorial properties and belongs to
non-convex optimization problem, and it is hard to directly
solve this problem. In order to facilitate operation, define
X = {xk,m|xk,m = sk,mpk,m}. Therefore, the problem (15)
can be rewritten as follows.

max
X ,S

∑K
k=1

∑M
m=1 sk,m log2(1+ SNRk,m)

ε0
∑K

k=1
∑M

m=1 xk,m + P0
,

s.t. C1 :

M∑
m=1

sk,m log2

(
1+

∑N
n=1 αn,mxk,mhk,n

σ 2
k sk,m

)
≥ Rreqk ,

C2 :

K∑
k=1

M∑
m=1

xk,m ≤ Pmax ,

C3 :

K∑
k=1

sk,m ≤ 1, ∀m,

C4 : 0 ≤ xk,m ≤ 1, ∀k,m,

C5 : xk,m ≥ 0, ∀k,m. (16)

At this stage, the optimization problem (16) is still a
non-convex optimization problem, which needs further trans-
formation. Assuming that the objective function of the opti-
mization problem (16) is q, and write

F(q, sk,m, xk,m)
4
=

K∑
k=1

M∑
m=1

sk,m log2
(
1+ SNRk,m

)
− q

(
ε0

K∑
k=1

M∑
m=1

xk,m + P0

)
. (17)

If F(q, sk,m, xk,m) = 0, the optimal solution (ŝk,m) and (x̂k,m)
of the optimization problem (16) in term of q is obtained,
and q is the optimal EE. Therefore, the original optimization
problem can be further transformed into

max
X ,S

F(q, sk,m, xk,m),

s.t. C1,C2,C3,C4,C5in 16. (18)

At this stage, the optimization problem (18) is a convex
optimization problem, and Lagrange function is

L(X , S, λ, µ)

=

K∑
k=1

Rk − q

(
ε0

K∑
k=1

M∑
m=1

xk,m + P0

)

+

K∑
k=1

λk (Rk − R
req
k )+ µ(Pmax

− Ptot ),

=

K∑
k=1

Rk (1+ λk )−
K∑
k=1

λkR
req
k

− qε0
K∑
k=1

M∑
m=1

xk,m − µPtot − qP0 + µPmax, (19)

where λ = {λ1, λ2, . . . , λk} and µ are Lagrange multipliers.
Its dual problems is

min
λ,µ

max
X ,S

L(X , S, λ, µ), λ, µ ≥ 0. (20)

The optimal xk,m can be obtained by finding the partial deriva-
tive of (19) and making it equal to 0, i.e.,

∂L(X , S, λ, µ)
∂xk,m

= 0. (21)

This lead to

xk,m =
(1+ λk )sk,m
(µ+ qε0) ln2

−
σ 2
k sk,m∑N

n=1 αn,mhk,n
. (22)

Hence the optimal power can be written as

p̂k,m=
xk,m
sk,m
=

[
(1+λk )

(µ+qε0) ln 2
−

σ 2
k∑N

n=1 αn,mhk,n

]+
. (23)

The partial derivative L with respect to sk,m is as follows.

∂L(X , S, λ, µ)
∂sk,m

= Hk,m, (24)

where

Hk,m = (1+ λk ) log2

(
1+

∑N
n=1 αn,mp̂k,mhk,n

σ 2
k

)
−

1+ λk
(µ+ qε0) ln 2

×

∑N
n=1 αn,mp̂k,mhk,n

σ 2
k +

∑N
n=1 αn,mp̂k,mhk,n

− µp̂k,m. (25)

The codebook layer m should be allocated to have the maxi-
mum Hk,m:

ŝk•,m = 1|k•=argmax kHk,m , ∀m. (26)

According to the sub-gradient algorithm, the Lagrangian
multipliers λk and µ can be updated as follows.

λk (l + 1) = [λk (l + 1)− β(Rk (l)− R
req
k )]+,

µ(l + 1) = [µ(l + 1)− β(Pmax
− Ptot (l))]+,

(27)

where β is the iteration step. Through iterations of (23),
(26) and (27), the optimal solution of (19) can be obtained,
where themetrics for the convergence of the iteration are such
that maxX ,S F(q, sk,m, xk,m) and maxkHk,m close to 0. This is
summarized in Algorithm 2.
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TABLE 1. Simulation parameters.

Algorithm 2 SCMA Energy Efficiency
Initialization: The multipliers λk (0) and µ(0), the energy
efficiency q, tolerance ε > 0;
Step 1: Update the power allocation p̂k,m by (23);
Step 2: Update the assignment index ŝk,m by (25) and (26);
Step 3: Update q, update λk and µ by (27);
If maxF(q, pk,m, xk,m) > ε,
Then l = l + 1; goto Step 1,
End If
Output the maximum EE q, sk,m and pk,m.

VI. SIMULATION RESULTS
In this simulation section, the Algorithm 1 and the
Algorithm 2 are simulated and compared. The simulation
parameters are given in the Table 1. The following Fig. 3
and Fig. 4 respectively show a comparison of the spectral
performance and energy efficiency for SCMA, CDMA, and
OFDMA. It is found that SCMA perfoms better than CDMA
and OFDMA both in SE and EE.

Fig. 3 shows that SCMA spectral efficiency outperforms
both OFDMA and CDMA. Meanwhile, OFDMA had a bet-
ter spectral efficiency performance comparing to CDMA at
roughly 50 BSs, where CDMA spectral efficiency remains
stable; hence, OFDMA supports higher modulation and cod-
ing leading to a better spectral efficiency, enhancement of
reachability and provides a significant improvement in spec-
tral usage comparing to CDMA technology performance.

Fig. 4 illustrates a significant decrease of OFDMA energy
efficiency when the number of users increases due to the high
level consumption of the power; while SCMA proves a better
energy efficiency achievement.

We evaluate the performance of the proposed SCMA
layer allocation and power allocation scheme. In the SCMA
system, suppose that the radius of the macro base station
is R = 500 meters [37], the height of the base station is
h= 30meters, the carrier frequency is fc= 2x109Hz, all users

FIGURE 3. The SE performance for SCMA, OFDMA and CDMA.

FIGURE 4. The EE performance for SCMA, OFDMA and CDMA.

are evenly distributed around the base station, and the circuit
powerP0=1w [38]. The detailed parameters of the simulation
are shown in the following table.

According to the above system assumptions and simulation
parameter settings, the simulation results are shown in Fig. 5.

Fig. 5 shows a schematic diagram of the convergence char-
acteristics of the proposed algorithm, where the maximum
transmission power of the base station is set to P= 100w, with
120Kbps in order to meet the minimum rate of user satisfying
the QoS requirements. The schematic diagram illustrates the
convergence of the SCMA layer and power allocation algo-
rithm based on energy efficiencymaximizationwhenM= 12.
It can be seen from the figure that there is an obvious jitter
in the initial stage of the iteration. For stable convergence,
it basically meets engineering realization.
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TABLE 2. Simulation parameters.

FIGURE 5. The system energy efficiency performance comparison.

FIGURE 6. Total system rate performance comparison.

Fig. 5 demonstrates the system rate versus the number of
SCMA layers, and the system energy efficiency is show-
ing an increasing trend. Based on the energy efficiency
maximization power allocation SCMA layer resource algo-
rithm, the system energy efficiency has a large tendency to
increase in the same SCMA layer. In the case of maximum
energy efficiency, the energy efficiency under the SCMA
layer resource algorithm based on maximum energy effi-
ciency power allocation is the largest, followed by the average
system energy efficiency under the power allocation SCMA
layer resource algorithm. Therefore, in the SCMA system,
under the same overload degree, the maximum energy effi-
ciency can be adopted. Subsequesntly, the algorithm is opti-
mized to improve the energy efficiency limit of the SCMA
system.

Fig. 6 demonstrates that when the number of SCMA layers
increases, the total system rate shows an increasing trend.

Compared with the use of energy efficiency maximization
power allocation SCMA layer, resource algorithm and the
average power allocation algorithm uses the rate maximiza-
tion power allocation SCMA layer resource algorithm to
increase the system rate. In the case of the same number of
SCMA layers, the total system rate under the SCMA layer
resource algorithm with maximum rate and power allocation
is the largest, followed by the SCMA layer resource algo-
rithm with system rate and energy efficiency maximization
power allocation under the average power allocation SCMA
layer resource algorithm. Therefore, in the SCMA system,
under the same degree of overload, the SCMA system can
be improved by increasing the number of SCMA layers and
adopting the algorithm for maximizing the rate and power
allocation, the proposed algorithm has a significant improve-
ment in total system rate.

VII. CONCLUSION
This paper maximizes the spectral efficiency and the energy
efficiency for SCMA network with the individual user’s
rate requirements. The formulated optimization problem is
fractional programming non-convex problem. Using symbol
transformation and Dinkelbach method, the original problem
is transformed into convex problems, and solved by Lagrange
dual decomposition method. The proposed algorithms are
simulated to compare with CDMA and OFDMA. It is found
that the SCMA performs better than CDMA and OFDMA
both in SE and EE, since the proposed method has shown a
better networkmappingmatrix based on power allocation and
codebook assignment.
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