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Abstract—In this paper, we study the power-efficient resource the sum-rate of NOMA for a fixed power allocation scheme.
allocation for multicarrier non-orthogonal multiple access (MC-  Power allocation was proposed for the maximization of the
NOMA) systems. The resource allocation algorithm design ergodic capacity and the minimization of the maximum outage

lakes inlo. account the. stastcal channel siate informapn  PrOPADIY n [13] and [14] under statistical CSIT, resfieely.

at transmitter and quality of service (QoS) constraints. To ~ Apart from those performance metrics mentioned above,
strike a balance between system performance and computatial power efficiency is also important due to the rising energy
complexity, we propose a suboptimal power allocation and s costs and green communication concerns. In [15], the asithor
scheduling with low computational complexity to minimize he  solved the energy efficiency optimization problem for sing|
total power consumption. The proposed design exploits the carrier NOMA systems. Yet, if multicarrier NOMA (MC-
heterogeneity of QoS requirement to determine the successi NOMA) systems are considered, the result from [15] may no
interference cancellation decoding order. Simulation reslts - . - -
longer be applicable. In [16]-[18], various power allooati

demonstrate that the proposed scheme achieves a close-fatimal - ; s
performance and significantly outperforms a conventional and user scheduling algorithms were proposed to maximeze th

orthogonal multiple access (OMA) scheme. sum-rate of MC-NOMA systems. However, the results from
[16]-[18] were based on perfect CSIT assumption which may
. INTRODUCTION not available in practice, especially for MC-NOMA systems

verloaded with exceedingly number of users. In addition,
e aforementioned works have not taken into account the

i ) ) L eterogeneous quality of service (QoS) requirements, lwhic
fifth-generation (5G) wireless networks due to its high $gaéc n%llay an important role in 5G networks, in particular for smal

efficiency and user fairness [1]. Compared to conventio . -
cells and massive access. In fact, power-efficient resource

orthogonal multiple access (OMA), NOMA transmission . o
allows multiple users to share the same frequency resou Ié)catlon based on statistical CSIT for MC-NOMA systems

via exploiting the power domain multiplexing and perforgin as not_ been reported in the literature so far._ i

successive interference cancellation (SIC) at the receive !N this paper, we focus on the power-efficient resource
side. It has been shown that NOMA offers considerabfilocation for MC-NOMA systems with QoS constraints under
performance gains over OMA in previous works [2]_[8]_statistical CSIT. Due to the absence of perfect CSIT, a SIC

In particular, resource allocation of NOMA has receiveR0licy taking consideration of QoS requirements is progose
significant attention since it is critical for the perforncan Where the BS only allows one user to perform SIC. Based on
of NOMA. In [6], [7], the authors evaluated the systemlhe adopted SIC policy, we formulate the_r(_asqurce allonatio
level performance of NOMA systems. The authors in [gjroblem for MC-NOMA systems to minimize the total
studied a minimum total transmission power beamformirf@nSMit power. Since the optimization problem is a mixed
problem. In [9], the optimal resource allocation for mukip combinatorial non-convex problem,_ a suboptimal solutisn i
input multiple-output (MIMO) NOMA systems to maximizeProposed to solve the power a_IIocatlon and the user sch@ull
the instantaneous sum-rate was proposed. However, exisfioPlems separately. For a given user scheduling poligy, th
works [6]-[9] on resource allocation of NOMA have re"ednulncar_ner power allocation problem is S|mpl|f|ed to a per
on the assumption of perfect channel state information ${Pcarrier basis power allocation problem which fackisahe
transmitter (CSIT) which is difficult to obtain in practice. ~ OPtimal power allocation design. Interestingly, based loa t
Recently, the notion of imperfect CSIT in NOMA Systeméjenve_d power aIIocatlpn squt_|on, an explicit metric fc_nhCS
for resource allocation algorithm design has been pursaeddecoding order associated with the level of QoS stringency
[10]-[14] under various system performance metrics. Ir},[105 obtglned, as an analogous.to the channel gain based SIC
for a fixed power allocation, the outage probability and eigo decoding order for NOMA with perfect CSIT [6], [7]. In
sum-rate of NOMA under statistical CSIT were investigate@ddition, we have quantified the performance gain of NOMA
in a cellular downlink scenario with randomly deployed wser®Ver OMA in terms of power reduction and shown that the gain
In [11], the authors analyzed the performance degradation §Creases when the multiplexed users hav_e more distinctive
these two system performance metrics due to partial CSROS Stringency levels. For the user scheduling problemya lo

The authors in [12] investigated the impact of user pairing OMPutational complexity suboptimal scheduling algenth
based on agglomerative hierarchical clustering is prapose

This work was supported in part by the Australian Researam@b(ARC) Which can achieve a close-to-optimal perfo_rm?-_nce- SiMat
Linkage Project LP 160100708. results show that the proposed scheme significantly ineseas

Non-orthogonal multiple access (NOMA) has bee
recognized as a promising multiple access technique for
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Pover wherez™ ~ CN(0,0?) denotes the additive white Gaussian

)// i noise (AWGN) on subcarriem at useri. Variable h* € C
\ represents the channel coefficient including the jointggftﬁ
23 & — large scale fading and small scale fading, ilg”, = f;da

L) - decodine and g™ ~ CN(0,1), with d; denoting the distance between

< Sl H useri to the BS andx denoting the path loss exponent. We

et O s — assume that the channel gain of small scale fading is Rayleig

Base Station

distributed and the path loss information is known at the BS
Fig. 1. A multicarrier downlink NOMA system where o usersea due to long term measurement. The cumulative distribution

multiplexed on one subcarrier in NOMA with perfect CSIT [18)ser1 has function (CDF) of channel gain of uséron subcarriem is
a better channel quality who performs SIC to decode and rentioer signal  given by
of user2 before decoding its desired signal. The allocated poweusger2

is higher than uset. F|hm|2 () =1—e UHdDz 2 >, 3

B. Successive Interference Cancellation Policy

the power efficiency compared to a conventional OMA NOMA exploits the power domain to perform multiple
scheme. access [3], [10], [20]. Based on the availability of CSITe 8S
The rest of the paper is organized as follows. Section plerforms user scheduling and power allocation. Besides, SI
presents the system model and discusses the SIC policy witifl be performed at some of the downlink users to mitigate
statistical CSIT. In Section IIl, we formulate the resourcenulti-user interference, cf. Figure 1. In the literaturé, [8],
allocation as a non-convex optimization problem with Qof®], [19], with perfect CSIT and without QoS consideration,
constraints. Section IV and Section V present the solutiwn fthe user with better channel qualitstrong user) decodes and
power allocation and user scheduling, respectively. Sitimdt  removes message of useregk user) before decoding its own,
results are presented and analyzed in Section VI. Finallhile the weak user directly decodes its own message by
Section VII concludes this paper. treating the signal from the strong user as noise. Furthexmo
Notations used in this paper are as follows. Boldface low#te BS will allocate more power to the weak user to obtain
case letters denote vectofsdenotes the set of complex valuefairness and facilitate SIC process.
RMx1 denotes the set of allf x 1 vectors with real entries;  Unfortunately, without perfect CSIT, the BS cannot decide
ZMx1 denotes the set of alll x 1 vectors with integer entries; the SIC decoding order based on the ordered channel gain
|| denotes the absolute value of a complex scafar{-} information. Similar to the case of NOMA with perfect CSIT,
denotes the probability of a random event. The circularjistance might be a criterion to define a strong or weak user.
symmetric complex Gaussian distribution with mearand However, this criterion does not take consideration of QoS
variances? is denoted by’ V' (11, o%); the uniform distribution requirements, which also affect the SIC decoding order and
in the interval|a, b is denoted byU/[a, b]; and ~ stands for hence change the behavior of power allocation. For example,
“distributed as”. if a user near the BS requires a lower outage probability,
selecting this user to perform SIC needs more transmit power
Il. SYSTEM MODEL than selecting the other user, which is in contrast to the

In this section, we present the system model and the adopt@§€ ©f conventional NOMA without considering the QoS

assumptions for the considered MC-NOMA system. requirements. .
P y On the other hand, it can be shown that for the case

A. Multicarrier NOMA System of NOMA with perfect CSIT and QoS requirements, both
users performing SIC will require more transmit power than

tAt\' muggarrle(ijd(()jwnllrll_k kNOMA system dW'thd or]le Fl.)aseselecting only the strong user to perform SIC. Intuitivéhg
station (BS) an OWNlinK USErs IS considered, cl. FIgurey; o ateq power for both users will be increased to cope with
1. All transceivers are equipped with a single-antenha.

. . . the interference in decoding the other user’'s messageiréais
subcarriers are provided to serve theusers. In this paper, g g P

N ide fai . locati t é{{ this fact, we assume that the BS only allows one user
0 provide Tamess in resource aflocation, we assume I'{ perform SIC on each subcarrier. Specifically, the BS will
only L subcarriers are allocated to one user. In addition,

. Blect user to perform SIC on subcarriem if the power
assume that each of the orthogonal subcarriers is allocate onsumption based on this selection is lower than that of
0 ot most o user o reduce e computatonsy complexBiecing usen to perorn SIC. Later in s paper,basec
) . this assumption, an explicit SIC decoding order is derive
i.e., KL < 2M. According to the NOMA protocol [7], on P b 9

! . ith the level of QoS stringency.
subcarrienn € {1,..., M}, the BS transmits the messages of In addition, given the total required target rate for uger
useri andj, i.e.,s;" ands’", with transmit powep;" andp’",

o % fvelv. Th di i as R;, we can split it intoL allocated subcarriers equally,
i,j € {l,..., K}, respectively. The corresponding transmittegin e ‘only statistical CSIT is available at the BS. Therefor
signal is represented by

the target rate of user on its allocated subcarrien is given
m b
- w

g -

" = /pl"si" + p}"s
(4)
is ;R/er]egjlved signal at usee {1,..., K'} on subcarriern and the corresponding target SINR is given by

Y = B 4 2, @) g =28 1. ®)



We assume that SIC at useon subcarriern is successful wherec;”; is the subcarrier allocation variable which is one
when the achievable rate for decoding the message ofjusef both user: and userj are multiplexed on subcarrien,
is not smaller than the target rate of ugeon subcarriern, and will be zero otherwise. Vectogs € RM&*1 andc ¢
ie., B ZME*x1 denote the collection of power allocation variables
R ; > R}, (6) and user scheduling variables. Constraint (12b) guarantee
the QoS of all the users on their allocated subcarriers and
it is inactive when usei is not allocated on subcarrien,
i.e., ¢, = 0. Constraint (12c) is non-negative constraint for
p5n|h;n|2 ) power allocation variables. Constraints (12d) and (128§ ar

where R, ; denotes the achievable rate for useéo decode

the message of usgron subcarrietn and it is given by

(7)  imposed to ensure that at most two users are multiplexed on
one subcarrier and all the subcarriers are allocated toceedu
I1l. PROBLEM FORMULATION the total power consumption. Constraint (12e) is introduce

In this section, we first define the QoS requirements afer resource allocation fairness such that all the users Ha
then formulate the power allocation and user scheduli§§me amount of frequency resources.

R =log, [ 1+ —L—F—ro
- 2( PR )? + o

problem for NOMA systems. We note that, for the case of, = 1, i = },
_ _ subcarrierm is exclusively allocated to usei, and the
A. Quality of Service user scheduling policy for subcarrien is degenerated to

QoS is usually defined by a target rate and a required outsgggventional orthogonal assignment. In other words, the
probability. Given the target rat&™ for each user on eachproposed optimization framework in (12) generalizes the
allocated subcarrier, the QoS required by usen subcarrier resource allocation for conventional OMA as a subcase. We
m is given by the following outage probability constraint: note that the problem in (12) is a mixed combinatorial non-

convex problem, and there is no systematic and computéationa

Pr {RT > Ri”} >1-9;", Vi, (8) efficient approach to solve it optimally. According to (1®)e
. user scheduling is jointly affected by distandg target rate
with R™  if RM™ > Bm ﬁ;”, and required outage probability, while the counterpart
R" _{ (2 B = Ay (9) of traditional NOMA with perfect CSIT depends only on
i otherwise,

channel gain order [12]. In addition, according to (12a) and
whereR!™ andd!* denote the achievable rate and the requirdd2b), the power allocation and user scheduling variables
outage probability of useron subcarrier, respectively. Note are coupled. Therefore, in the following two sections, we
that outage probability is defined on each subcarrier, whichpropose a suboptimal solution which intends to solve the
commonly adopted in the literature for the simplification opower allocation and user scheduling separately.

resource allocation design [21], [22]. Variabl&$’, and R”;

denote the achievable rates for useon subcarriern with IV. SOLUTION FOR POWERALLOCATION PROBLEM

and without SIC, respectively, and they are given by For a given user scheduling polieythat satisfies constraints

R (12d), (12e), and (12f), power allocation can be performed
R =log, [ 1+ pi"|hi| and (10) independently on each subcarrier. Therefore, the original
o a? problem (12) can be simplified to a per-subcarrier two-user
m 2 power allocation problem. For notational simplicity, weodr
R;ﬂj =log, [ 1+ % , (11) the subcarrier indexn. The simplified optimization problem
’ pt R + o2 is given by
. 2
respectively. minimize Zpi (13a)
B. Optimization Problem Formulation TR s
Now, the joint power allocation and user scheduling design ~ S:t. Pr {Ri > Rl} >1-46;, i€ {1,2}, (13b)
for the MC-NOMA system can be formulated as the following pi>0,i€{l,2}, (13¢)

optimization problem:
K where R; is given by (9).
P, m o (om o om In the following, we first solve the problem in (13) by
(M 4 T 12a X 9 P ,
mlrg,lglze Z ZZC (pl Pi ) (122) assuming only one user to perform SIC, then derive the
' SIC decoding order based on power allocation solution, and

~ ) compare its performance with OMA.
st Pr {R;n > R;."} > dmn(1—6M), Vi,m,  (12b)

A. Power Allocation Solution

pit >0, Vi, m, (12¢c) _ _ . _
K K The optimal power allocation solution for the problem in
Z Z <9 m (12d) (13) can be obtained via the following two cases. For the first
1,] — < ’

= case, we only allow uset to perform SIC and obtain the
v K corresponding power allocation solution. The power aliioca
Z Zcm_ L Vi (12¢) solution for the second case, which only allows ugeto
J T perform SIC, is also obtained. Then, the optimal solution fo
the problem in (13) is given by the solutions for both cases
(12f)  with the lower power consumption.



According to (6), if we allow used to perform SIC and where the superscrigl) denotes allowing use? to perform
prevent user to do that, the following prerequisites shouldsIC.
be satisfied: In summary, the optimal solution for the problem in (13)
can be selected by

p2—p172 >0 and (14)
p1—p271 < 0. (15) ( )= pgl),pél) if pgl)—i—pél) < p§2)+p§2), (25)
We note that, due to the channel uncertainty, the prerdquisi © =~ P ) otherwise,

in (14) cannot guarantee the success of SIC and the success
of SIC also cannot guarantee outage free transmission. TaRg the BS will inform usef to perform SIC and forbid the
makes the resource allocation for MC-NOMA in this papesther user to do that i<p§”,p§”) is selected.
fundamentally different from the case of perfect CSIT. Unde )
these two prerequisites, (14) and (15), the outage prahabiB. A Smple SIC Decoding Order
for both users are given by The selection of optimal power allocation in (25)
out - - incorporates the SIC decoding policy implicitly to achieve
Py = PY{RHQ 2 Ry, a1 < Rl} minimum power consumption. However, we can obtain an
= = explicit rule to determine the SIC decoding order for a gaher
+Pr {RHQ < B, Faz < Rl} (18 Condition of3; > 1 andd, > 1, which means that both users’
Pgut — Pr {R2 L < Rg} 7 (17) targetrates are not smaller than 1 bit/s/Hz. In such a ciomdit
' L andﬂ—l2 will never be chosen in (21) and (23), respectively.
whereP$"t and P$" denote the outage probability of user ﬁj'hus, we have a simple solution for the joint optimal SIC
and user2, respectively. Equation (13b) requires tiyt't < decoding order and power allocation:

d;. Note thatPS"' consists of two terms which denote the 1O 1) .
outage probability with a successful SIC and an unsucckssfu ( )= b1 5Pz if B1 > P, (26)
SIC at userl, respectively. Prp2) = PP p8?)  otherwise,

Substituting (7), (10), and (11) into (16) and (17) yields
F02 Apo? which indicates that the QoS non-demanding user is always
P = Pr {|h1|2 < max < ! 2 )} and (18)

, ——— selected to perform SIC to minimize the power consumption.
P11 P2 —Pp172

S Therefore, for a general condition 6f > 1 andv, > 1,
out _ 2 V20 (; defines the optimal SIC decoding policy in terms of power
Pt = Pr{ [hof* < —20 %, (19) M o .
P2 — P172 efficiency, where we only allow the QoS non-demanding user
respectively. to perform SIC to reduce the total power consumption. Note

Exploiting the CDF of channel gain (3) in (18) and (19)that for 7; < 1, we have to evaluate both solutions and
and substituting them into (13b), we obtain the solution &°mpare them in (25) to find the SIC decoding order.

(13) with the minimized total transmit power as: C. Comparison between NOMA and OMA
p(l) -1 and (20) For the case of NOMA with perfect CSIT, it is well
! B known that the performance gain of NOMA over OMA
(1) Y2 Y2 T1Y2 | Y2 1 increases when the differences in channel gains between the
bz =max| 73 + B, B + BB ) (21)  multiplexed users become larger [6], [12], [19]. In this pap

we can obtain a similar conclusion with our scheme in terms
where 3; = —%, pl(-l), i € {1,2}, is the allocated of power reduction for the case of imperfect CSIT. For a
power for useri for the first case, and the superscriy fair comparison, we impose the same spectral efficiency for
denotes allowing uset to perform SIC. Note thag- can be NOMA and OMA, where a single subcarrier is further split
interpreted as the level of QoS stringency for usévhere a into two subcarriers with equa_l bandwidth for the OMA case.
large - means usef is far away from the BS or has a smalTherefore, the power allocation for two OMA users with
required outage probability, such that a higher transmitgro Statistical CSIT on one subcarrier is given by
is necessary to satisfy its stringent QoS requirement. |&imi <22§1 _ ] 92Ra _ 1) -

, 27

to the case of NOMA with perfect CSIT, we can define a user (pP™MA, p™MA) 5 "
with larger 5; as aQoS non-demanding user and define the b1 Pz

other user as QoS demanding user. where the superscriptMA” denotes the case of OMA.
For the second case which allows useto perform SIC  Now, we provide a sufficient condition that the power
and prevents user to do that, the prerequisites are given b)(:onsumption of NOMA is no larger than that of OMA.

p1—poy1 >0 and ps— p1s < 0. (22) SupposeR; > 1 bit/s/Hz andR; > 1 bit/s/Hz, we can obtain

o ) _ the performance gain of NOMA over OMA in terms of power
Similarly, the power allocation solution for (13) can b§eqction as follows:

derived and given as

OMA _ , NOMA _
xR AE, A1 =
p§2) = max (7172 + o + n —) and (23)

Ptotal — Ptotal

_ N N2
) ) F17¥ 1 1 1( 72 7 i
N B2 B2 B2 P B Lz (\/6—2 \/B—]) + 2(\/2—2 \/é—l)Q >0 if £ Zﬁz,(28)
2 _ 22 9 (1 1 (A7 :
D By’ (24) \/1[3—2 (\/6_1 \/6—2) 5(\/61_1 \/5—2) > 0 otherwise,



wherepOMa andpNOMA denote the total power consumption
of OMA and NOMA on a single subcarrier, respectively.
It can be observed that under the sufficient condition, the
power reduction of NOMA over OMA is non-negative. More
importantly, with Ry > 1 bit/s/lHz and R, > 1 bit/s/Hz,
the performance gain of NOMA over OMA also increases
when the difference in the level of QoS stringency or the
target rate between the QoS demanding user and QoS non-
demanding user become larger, eqy. > 2 or 1 > 7s.
Note that the total power consumption difference between
NOMA and OMA is zero for the case of statistical CSIT
when the multiplexed users have identical distances and Q%
requirements, i.e3; = B2 andy; = 7».

In summary, from (26) and (28), we conclude that th st
level of QoS stringencyﬂl—i plays a significant role in power
allocation and SIC decoding order design.

& 2. Geometric illustration for the proposed user schisduvith 4 users.
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V. USERSCHEDULING ALGORITHM

According to (12), theK users can be treated dsL
independent virtual users since their QoS constraints)(a&b
imposed on each subcarrier independently. In addition, MONM
provides significant system performance gain in high syste L
load scenario. Thus we focus on a practical overload sagna 5 3 1 4
i.e., KL > M. Now, to serveK users viaM subcarriers, we Point
intend to generate a user combination consisting<df — M . o
users pairs an®)M — KL single users, which correspond Fig. 3. Dendrogram for the case in Figure 2.
to NOMA and OMA, respectively. In all candidate user
combinations, user scheduling needs to select one corininag!ustering problem among all the points on a two-dimendiona
which consumes the minimal power. plane.

Without loss of generality, we assuniie= 1 in this section. ~ Now, we apply agglomerative hierarchical clustering to
For L > 1, we simply eliminate the combinations where onguild the hierarchy from the individual points by progresty
user is paired with itself to satisfy constraint (12e). As waerging clusters [23]. Based on the length of all the lines
mentioned before, the power consumption of each subcarrigs We can obtain the dendrogram structure of all the points,
is only affected by the two multiplexed users on it. To scheduwhich illustrates the arrangement of clusters, cf. Figurén3

. K . . the dendrogram, the vertical axis of a point denotes theageer
K user overM subcarriers, there a'(eg) possible candidate yjsiance between this point with all the clusters belowrid a
pairs of users, and we can get the power consumption for #ie horizon axis presents the ordered points set in terms of
the pairs from (25), i.e.p;;, 4,5 € {1,...,K} andi # j. distance to the clusters on the left of it. For example, Fedair
In addition, for orthogonal subcarrier assignment, the growillustrates a dendrogram for the case in Figure 2, wheretj3oin
consumption for user is given byp;; = Z— is the nearest point to poit and point4 is the farthest point

The number of all candidate combinations is given by to the cluster consists of points 3, and 1. In other words,
the horizon axis illustrates the ordered users set in terins o

Distance
w
w (4]
T

N
o

|
!

K g average power consumption for pairing with each user on its
N = IM— K H (2m —1). (29)  |eft. Note that the generated order in dendrogram is based on
m=1 the joint effect of = and7;, which provides a rule of thumb

To obtain the optimal user scheduling policy, we need tofyerifor user scheduling.

and compare all thes& candidate combinations, wherg According to (20), (21), (23), and (24), the power

is prohibitively large even for moderaf€ and M. Thus, we consumption of NOMA increases with the target SINR of

attempt to propose a heuristic user scheduling algoritheeda both multiplexed users. Thus we expect that the right— K

on the following geometric illustration. users in the horizontal axis of the dendrogram are assigned
Figure 2 illustrates a user scheduling case witlusers, on 2M — K subcarriers exclusively to reduce the total

where every point denotes a user, every lipelenotes pairing System power consumption since these users are usually QoS

useri and userj. The length of lind;; is given byp;;, which demanding. For the remaining left — 2 users, we need

denotes the power consumption for pairing usand user;. to generatd< — M pairs of users. Since the performance gain

Note that it is an undirected graph, i.e,; = p;; since both over OMA increases with the difference ot~ as well as—--

p;; andp;; denote the power consumption for pairing user between paired users, referring to (28), we intend to pamtit

and userj. From a minimum power consumption perspectivehe remaining lef2 X' — 2M users into two groups and pair

useri and userj are more likely to be paired with each othethem in successive order. For example, if we only have two

if point ¢ and point; are close and they are far away fronsubcarriers for the case df users in Figure 3, we partition

other points, such as poigtand point3 in Figure 2. Based them into two groups{2,3} and{1,4}. Then we pair use2

on this simple idea, the user scheduling problem becomesvidgh user1 and pair useB with user4. The user scheduling



Algorithm 1 User Scheduling Algorithm o ‘

1: Computepy;, i # j, i,j € {1,..., K}, through (25). . 251 ﬁsf‘;;g";;gzggfn'zg

2: Generate the dendrogram based pp via agglomerative —©— Full search scheduling
hierarchical clustering [23].

3: Allocate the right2M — K users on2M — K subcarriers
exclusively.

4: Partition the left2 K’ — 2M users into two groups and pair them
in successive order oK" — M subcarriers.

20

15

10

algorithm is summarized iAlgorithm 1.
Note that for the case af > 1, each point in Figure 2 will
be replaced by. points which have the same distance to a

Total power consumption (dBm)

the other points due to our equally target rate assignment ( 5

Therefore, the dendrogram in Figure 3 will be extended t ¥

replacing each user with a cluster bfusers of equal altitude. o0 10 200 20 300 350 400 450 500
Therefore, our scheduling will avoid the pair of users whel Cell Size (m)

one user is paired with itself unledsL — M = 1. For the

_ _ i ; i i Fig. 4. Power consumption versus cell size. The results &seC and Case I
case ofK'L — M = 1, we will select the first point of the ”ght are illustrated with black color and blue color, respedyiv&he double-sided

2M — K users to pair to satisfy constraint (12e). “arrows illustrate the performance gain of our proposed raehever OMA in
We note that although the proposed user scheduliggse | and Case I, respectively.

algorithm is suboptimal, it is more computational efficient

compared to optimal exhaustive search. In particular, tl

complexity of agglomerative clustering algorithm is onl %

O (K®) in general case. Besides, the suboptimality of tr & Random schecuing
proposed user scheduling algorithm will be verified in th e e g
simulation section.

N
3]
T

N
o
T

VI. RESULTS

In this section, the performance of our proposed scher
is verified with simulations. In a single-cell with BS locdte
at the center with cell sizé, there areK users randomly
and uniformly distributed betweeB0 m and D m, i.e.,
d; ~ U[30, D] m. Similarly, the target rates of all the
users are generated by, ~ U[0.1, 10] bit/s/Hz. In the
following simulations, two kinds of outage probability are
evaluated to compare the performance gain by introduci 5
the QoS constraints: Case | with equal outage probabili 6 ! _— 8f o 10
§; = 1072 and Case Il with random outage probability umberotusers
.51’ ~2U[10 °, 0.1]. The user noise power on each Sl_"bcam%fg. 5. Total power consumption versus the number of usérs.résults for
is 0= = —128 dBm. The 3GPP path loss model with patltase | and Case Il are illustrated with black color and bluerceespectively.
loss exponentr = 3.6 is adopted in our simulations [24]. TheThe double-sided arrows illustrate the performance gairowf proposed
simulation results shown in the sequel are averaged yar  SCheme over OMA in Case Iand Case Il, respectively.
realizations of different user distances, target ratedtipath
fading coefficients, and outage probability requirements.

[
4]

Total power consumption (dBm)

our proposed user scheduling method provides a significant
A. Power Consumption versus Cell Size power saving compared to the random scheduling, and
aghieves a performance close to the full search scheduling
in both cases. The reason for this improvement is that our
proposed user scheduling method takes into account the
'Rint effect of i and 7;, and exploits the heterogeneity
g]‘ QoS requirements, which achieves a better utilization of
power domain. More importantly, the performance gain of our
proposed scheme over OMA in Case Il is larger than Case
h This result demonstrates the effectiveness of our pregos
eme in exploiting the QoS heterogeneity to reduce power
nsumption.

In Figure 4, we investigate the power consumption vers
cell size D for the considered MC-NOMA system with
M =5, K = 4, and L = 2 1. For comparison, we also
show the performance of OMA, random scheduling and, fi
search scheduling. Note that power consumption for OM
is given with (27) by replacing2R; with K/MR; since
the available frequency bandwidth is split equally fér
users. In addition, we note that the random scheduling a
the full search scheduling are performed together with &
proposed power allocation solution (25). It can be seen tHt

1Since the computational complexity of full search is extwgmlarge, B. Total Power Consumption versus Number of Users

we adopt small values foi, K, and L to compare our proposed scheme | Figure 5, we investigate the performance of our proposed

with the full search scheduling. We note that our proposdwse is very
computational efficient compared to exhaustive search¢lwban apply to a scheme versus the number of users. A MC-NOMA system

scenario with more users and subcarriers. with M = 5 subcarriers and cell sizd = 200 m is



considered. We assume = 1 in this case, and the number [2]
of users K varies from6 to 10. It can be observed that

our proposed resource allocation scheme reduces the povygr

consumption substantially compared to the random schegluli
and also performs closely to the full search scheduling i bo

cases. Besides, it can be observed that the performance gg'lln

of our proposed scheme over OMA in Case Il is also larger
than that in Case | owing to a better resource utilization vi#l
taking into account the diversification of QoS requirements
More importantly, it can be seen that the performance gain
over OMA increases with number of users in both cases®]
which is consistent with the case of NOMA with perfect CSIT.

Y. Zhang, H. M. Wang, Q. Yang, and Z. Ding, “Secrecy sumerat
maximization in non-orthogonal multiple acceskfEE Commun. Lett.,
vol. 20, no. 5, pp. 930-933, May 2016.

Y. Liu, Z. Ding, M. Elkashlan, and J. Yuan, “Non-orthoganmultiple
access in large-scale underlay cognitive radio networ&FZE Trans.
\eh. Technal., vol. PP, no. 99, pp. 1-1, Feb. 2016.

Y. Sun, D. W. K. Ng, Z. Ding, and R. Schober, “Optimal JoRbwer
and Subcarrier Allocation for MC-NOMA SystemsCoRR, 2016.
[Online]. Available: http://arxiv.org/abs/1603.08132

L. Dai, B. Wang, Y. Yuan, S. Han, I. Chih-Lin, and Z. Wang\dn-
orthogonal multiple access for 5G: solutions, challengggortunities,
and future research trenddEEE Commun. Mag., vol. 53, no. 9, pp.
74-81, Sep. 2015.

Y. Saito, A. Benjebbour, Y. Kishiyama, and T. Nakamur8ystem-level
performance evaluation of downlink non-orthogonal midtimccess
(NOMA),” in Proc. |IEEE Personal, Indoor and Mobile Radio Commun.

In fact, the QoS requirements and average user channel gain Sympos., Sep. 2013, pp. 611-615.

become more heterogeneous for an increasing number of usdrfé

Thus the conventional OMA scheme fails to accommodate
the diverse needs, and our proposed scheme will obtain more
performance gain. (8]

We note that the power consumption of OMA is lower
than that of random scheduling fak = 6 and K = 7
but still higher than our proposed scheme. Although NOMA®!
significantly outperforms OMA in single subcarrier (28), MC
NOMA with random scheduling may consume more power
than OMA in such low overload ratio, e.g§; ~ 1. In fact, with ~ [10]
low overload ratio, due to the user scheduling constrai2e)1
for fairness consideration, there are only few pairs of siser
in the user combination, and thus MC-NOMA with randorft!]
scheduling cannot fully exploit the power domain. In aduiti
we note that the performance gap between our proposed
suboptimal scheme with the full search scheduling increadé?!
slightly with the number of users. However, the computailon
complexity of our proposed scheme is significantly lowenthg13]
that of the full search scheduling.

[14]
VII. CONCLUSION

In this paper, we studied the power-efficient resourges]
allocation for MC-NOMA systems with statistical CSIT by
taking into account the heterogeneity of QoS requiremenfﬁs]
The resource allocation was formulated as a non-convex
optimization problem to minimize the total power consuropti
A low computational complexity suboptimal solution wasg; 7
proposed to solve power allocation and user scheduling
problems separately. We derived the power allocation ismlut
and characterized an explicit metric to decide the sigd
decoding order associated with the level of QoS stringency.
Besides, under a sufficient condition, we showed that th¢l
performance gain of NOMA over OMA in terms of power
reduction increases with the difference in the level of QoS
stringency between the multiplexed users. For the us[%]
scheduling, a computational efficient scheduling algamith
based on agglomerative hierarchical clustering was peghos
Simulation results demonstrated that our proposed schel#é
achieves a close-to-optimal performance and significant
outperforms the conventional OMA scheme. Furthermorgp]
our results also showed the effectiveness of our proposed
scheme in exploiting the QoS heterogeneity to reduce powsy
consumption.
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